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PREFACE 


This  volume  is  designed  as  a  companion  to  the  Author's 
book,  "  The  Works'  Manager's  Hand-book,"  and,  like 
that  work,  contains  a  quantity  of  matter  not  originally 
intended   for  publication,  but  collected  for  the  Author's 
own   use   in   the   practical   construction   of  a  variety  of 
modem  engineering  work. 
^  The  Author  has  endeavoured  to  give  in  simple  lan- 

guage, bereft  of  complex  mathematical  formulae,  and  in 
a  concise  and  condensed  form,  the  most  useful  practical 
information,  freely  illustrated  by  well-executed  engravings, 
which  elucidate  and  shorten  description  ;  and  to  explain 
the  true  principles  of,  and  give  the  principal  rules  for,  the 
construction  of  engines  and  boilers,  and  the  economical 
production  of  steam-power. 

The  whole  comprises  the  results  of  recent  researches 
and  experiments  in  various  branches  of  engineering,  and 
contains  a  large  collection  of  Tables  and  practical  data 
invaluable  to  all  engaged  in  designing,  constructing 
or  estimating  for,  engines,  boilers,  and  other  engineering 
work. 

The  principal  subjects  treated  are  as  follows : — 

Air,  gas,  and  water ;  air-motors,  gas-engines,  and 
water-motors  ;  fuel,  combustion,  products  of  combustion  ; 
heating-power  and  evaporative-power  of  fuel,  evaporation 
of  water  to  steam  \  heat  and  heat-energy ;  methods  of 
burning  liquid-fuel  and  refuse-fuels. 

Evaporative  effect  of  natural  draught  and  forced  draught 
in  the  furnaces  of  steam-boilers. 


Vl  PREFACE. 

Propulsion  of  modern  steam-ships,  with  description  of, 
and  rules  for  various  propellers. 

Evaporative-performance  of  various  kinds  of  modern 
steam-boilers. 

Boiler-explosions,  their  causes :  and  the  usual  manner 
in  which  boilers  explode. 

Rules  and  practical  data  for  the  construction  of  modern 
locomotive,  stationar}*,  and  marine  engines  and  boilers. 

Rules  and  practical  data  for  triple-expansion  and  quad* 
ruple-expansion  engines. 

Strength  and  specific  gravity  of  a  variety  of  materials, 
collated  from  careful  experimental  data. 

It  is  hoped  the  volume  will  be  found  to  be  con- 
siderably in  advance  of  any  work  of  a  similar  description, 
and  that,  besides  being  a  useful  reference-book  for 
engineers,  it  will  prove  extremely  valuable  to  those  who, 
having  had  the  necessary  practice,  aspire  to  hold  a  Board 
of  Trade  Certificate  for  Competency  in  Mechanical 
Engineering. 


PREFACE   TO  THE   SEVENTH  EDITION. 


This    new    Edition   has   been    carefully   revised,    and 
improved  by  the  addition  of  some  useful  new  matter. 

W.  S.  HUTTON. 

January,  191 1. 


CONTENTS. 


SECTION    I. 

AIR,  WIND,  AND  WIND-MOTORS;  WATER  AND  WATER- 
MOTORS;  HEAT  AND  FUEL;  GAS  AND  GAS-ENGINES ; 
COMBUSTION,  ETC. 


PAGE 

Atmospheric-air  •  .  •  •  3 
Nitrogen,  oxygen  ....  3 
Weight  and  volume  of  air  •  •  3i  4 
Compression  of  air  .  •  •  .  4 — 6 
Volume  of  air  due  to  increased  tem- 
perature        6,  7 

Temperature  and  pressure  of  air  .  .  6^^ 
Atmospheric  resistance    ...        8 

Barometers 8,  9 

Pressure  of  air  at  different  heights  of 

the  barometer       ....        9 
Pressure  and  velocity  of  wind  10,  11 

Windmills        .        .        .        .         12,  13 

Pantanemone 13 

Weight  and  volume  of  water  .  149  15 
Expansion  of  water  by  heat .  .  .  15 
Composition  of  sea- water.  .  .  16 
Quantity  of  salt  in  sea- water  .  16,  17 
Boiling-points  of  sea- water  .  17)  18 
Hydronometers  or  salinometers  .  18,  19 
Blowing-off  sea-water  .         I9>  20 

Loss  of  fuel  and  heat  by  blowing-off  21,  22 
Measurement  of  flowing-water  .  23,  25 
Driving-power  of  flowing-water        .      25 

Turbines 26 

Efficiency    and    regulation    of    tur- 
bines     27,  29 

Jonval  and  Girard  turbines  .  .  30—34 
Pelton's  water-wheel  .  .  34—3^ 
Thermometers  .        .  .       3^>  37 

Temperatures  beyond  the  range  of 

thermometers  .        .        .      37  , 

Standard  temperatures  of  water  .     .       37 


PAGB 

Notable  temperatures  ...  38 
Temperature    of    rivers,    seas    smd 

lakes 38,  39 

Underground  temperatures  •  .  39 
Temperature  of  hot  and  deep  mines  39,  40 
British  unit  of  heat  .  .  .  .  40 
Specific  heat  ....  40 — 42 
Calorimeters  .  •  .  .  42,  43 
Latent  heat     .  .  43)  44 

Temperatures  resulting  from  a  mixture 

of  hot  and  cold  liquids     .        .    44—46 
Laws  of  expansions  of  metals  by  heat      46 
Expansions  of  substances  by  heat     46—49 
Contraction  of  wrought-iron  on  cool- 
ing        49 

Coals,  varieties  of  .  .  .  .  50 
Composition  and  weight  of  coal  51 

Heating-power  of  coal  .        .    .      52 

Patent  fuels 52 

Stowage-capacity  of  fuels  .  .  •  53 
Coal-bunkers,  rules  for  .  .  •54 
Practical  analysis  of  coal       .        •     54>  55 

Combustion 56 

Carbon  and  hydrogen  .  .  .  .  56 
Effect  of  heat  on  coal  ...  56 
Chemical  composition  of  combustibles  57 
Heating-power  of  fuels  .  .  57,  58 
Heating-power  of  liquid  fuel    .         58,  59 

Gaseous  fuel 59 

Heating-power  of  coal-gas  •  .  59 
Quantity  of  gas  obtained  from  coal  .  59 
Pintsch-gas  and  other  oil-gas  .  .  60 
Gas-engines     ....       60—62 


via 


CONTENTS. 


PAGE 

Water-gas 62 

Pressure  produced  by  the  explosion  of 

air  and  inflammable  gases     .        .       63 
Hot-air  engines  ....    63 — 65 
Heat  evolved  by  combustibles  .         65,  66 
Liquid-fuel,    petroleum     and    creo- 
sote       67 

Weight  of  petroleum-refuse .  .  .  67 
Liquid-fuel  injectors  .         .         ^i  69 

Combustion-chambers     for    burning 

liquid -fuel  ....  69 — 74 
Petroleum -engine  .  .  .  74 — 76 
Burning  vegetable-refuse  fuel  .  .  77 
Straw-burning  apparatus  ...  77 
Furnace  for  burning  coal-dust,  breeze 

and  similar  refuse- fuels  .  .  .  78 
Composition  and  evaporative-power 

of  coal-dust 79 

Results  of  tests  of  a  furnace  burning 

coal-dust 80 

Hand-firing  for  boilers  .  .  .81 
Mechanical  stoker  .  .  .  81,  82 
Air  required  for  combustion  .  .  82 
Products  of  combustion  .  •  .  82 
Vitiation  of  the  air  by  combustion     .       83 

Smoke 83 

Furnace-front 84 

Air  in  boiler-furnaces  .  .  .  .  84 
Hot-air  evolved  by  combustion  .      84 

Weight  of  gases  and  vapours  .  84,  85 
Volume  of  the  products  of  combustion  85 
Chimney-draught         •        •        •85,  ^ 


Loss  of  fuel  due  to  a  high  tempera- 
ture in  a  steam-boiler  chimney  or 
funnel 

Consumption  of  coal  in  marine- 
boilers     ....  .8 

Consumption  of  coal  by  locomotives 
on  various  railways 

Composition,  heating-power  and 
evaporation  of  petroleum-oil 

Results  of  trials  of  a  locomotive  burn- 
ing petroleum,  coal,  and  wood 

Average  rate  of  combustion  of  coal  in 
different  kinds  of  steam-boilers .     . 

Force  developed  by  combustion 

Consumption  of  coal  by  different 
kinds  of  engines       .        .         .     . 

Action  of  flame  in  boiler-tubes  and 
boiler-furaaces       ...         9. 

Temperature  of  the  products  of  com- 
bustion in  chimneys  of  different 
kinds  of  boilers         .         .         .     . 

Temperature  of  the  products  of  com- 
bustion at  different  stages  between 
the  fire  and  the  chimney  of  a 
steam-boiler     .        .         .        .94- 

Absorption,  conduction  and  radiation 
of  heat  .        .        .        .        96 

Non-conductors  of  heat        .        .     . 

Loss  of  heat  by  radiation  from  steam- 
pipes        9S 

Convection,  effect  of  heat  on  water; 
and  circulation         .        .        .    . 


SECTION    II. 

EVAPORATION;  FORCED  DRAUGHT;  RIVETED  JOINT. 
BOILER- SHELLS,  BOILER- FURNACE -TUBES ;  AND  N 
MEROUS  RULES  AND  DATA  FOR  STEAM-BOILER. 
BOILER-CONSTRUCTION ;    BOILER  EXPLOSIONS,  ETC 


PAGE 

Evaporative  efficiency  .  .  .  103 
Total,  latent,  and  sensible  heat  of 

steam 103,  104 

Volume  and  pressure  of  steam  .  .  104 
Efficiency  of  steam-boilers  .  .  .  105 
Evaporative-power  of  fuel         .     105,  106 


Pi 


Theoretical    evaporative    power   of 

various  kinds  of  fuels 
Actual  evaporative-power  of  fiiels 
Effect  of  blast-pressure  in  a  chimney 
Evaporative -performance    and    crh 

ciency  of  steam-boilers . 


CONTENTS. 


uz 


PAGE 

Evaporative-performance     of     loco- 
motive-boilers ....  109,  1 10 
Rate  of  evaporation  of  various  coals .     1 1 1 
Evaporative-performxmce  of  various 

kinds  of  steam-boilers  .        .        .111 
Evaporative-performance  of  torpedo- 
boat  boilers      112 

Evaporative- tests  of  boilers  of  modi- 
fied locomotive  type      .        .        .113 
Fire-grate-surface  and  beating-surface 

of  steam-boilers        .        .        .     .     114 
Indicated  horse- power  developed  by 
marine-engines  from  a  given  area 
of  fire-grate  and  heating-surface  115, 1 16 
Heating-surface  of  locomotive-boilers     117 
Standard  proportions  of  heating-sur- 
face of  fire- box  and  tubes  of  loco- 
motives on  various  railways  .  117 
Transmission  of  heat   .        .        .117,118 
Grate-surface  and  healing-surface      .     118 
Efficiency  of  heating-sur^e         •  119,  120 
Forced-draught        .        .        •        .120 
Natural-draught    experiments    on    a 

steam-boiler  .  .  .  121,  122 
Forced- draught    experiments    on    a 

stenm -boiler 122 

Performance  of  steam-ships  with 
natural-draught  and  with  forced- 
draught  in  their  boiler-furnaces  1 23—  1 25 
Forced-draught  with  warm-air  .  .126 
Evaporztive-peiformance  of  steam- 
boilers  with  Howden*s  system  of 
forced-draught  .         .         .  127, 128 

Sources  of  economy  of   llowden's 

system  of  forced  draught  .  128,129 
Forced     combustion     by     induced 

drauf^ht  ....  129,  130 
Steam-mduced  draught  .  •  .130 
Ellis  and  Eaves  system  .  130,  131 
Heat  retarders  for  the  smoke-tubes 

of  steam-boilers   .         .         .     131 — 134 
Influence  of  the  length  of  smoke- 
tubes  on  evaporation    .        .         .     134 
Performance  of  locomotive   engines 

134-136 
Results  of  tests  of  marine  return-tube 

boilers  ....  136— 139 
Efficiency  of  steam-boilers  .  .140 
Duty  of  steam  pum ping-engines  140—14} 
Flow  of  steam  through  pipes  .  14 1 — 149 
Thermal  efficiency  and  sieam-con- 
sumption  of  a  perfect  steam- 
engine     ....         149—151 


PAGE 

Horse-power  of  steam-boilers       1 51 — 1 55 

Arrangement  of^  and  strength  of, 
boiler-plates     •        .  I55t  'S^ 

Strength  and  proportions  of  riveted 
joints       ....        156 — 158 

Riveted  joints  in  soft  steel-plates, 
rules  and  data  for     .        .         159 — 166 

Strength  of  boiler-shells  .        .  166 

Diameter,  thickness  of  plates,  and 
bursting  pressure    of  boiler-shells 

166,  167 

Collapsing  pressure  of  furnace-tubes 

168,  169 

The  Adam&on  absorber  flanged  seam, 
the  Pax  man  furnace-tube,  and  the 
Hawkesley-Wild  furnace-tube    169,  170 

Corrugated  iumace-tubes,  and  ribbed 
furnace- tubes    .        .        .         170 — 1 72 

Fire-box  roof-stays  of  locomotives, 
and  other  roof-&tays  .         173,  174 

Strength  of  the  flat  surfaces  of  steam- 
boilers,  and  strength  of  stayed  flat 
plates        .        .        .        •         175,  176 

Diameter  of,  working  pressure  on,  and 
strain  on,  screwed  stays         .        •     I77 

Stays  for  combustion  chambers     .     .     178 

Smoke-tubes  of  steam  b  tilers    .     178,179 

Heating-surface  and  holding  power 
of  boiler-tubes  .         .        .         179,  180 

Serve  ribbed  tubes  .         .         .        .181 

Space  occupied  by  steam,  and  steam- 
space  of  marine- boilers  .        .     l8a 

Quantity  of  steam  used  by  an  engine, 
and  quantity  of  water  evaporated 
in  a  steam-boiler  ....     183 

Economy  of  different  methods  of 
feeding  steam-boilers    .         .        .     184 

Safety-valves  for  steam-boilers     .     •     184 

Flow  of  steam  through  safety- 
valves  184,  185 

Safety-valves  loaded  with  lever  and 
weight  rules  and  data  for     .     186—189 

Safety-valve-spring,  diagram  of    .     .     190 

Spring-loaded  safety-valves       .        .190 

Spring-loaded      safety  •  valves     for 

marine-boilers 191 

Spring-loaded      safety  -  valves     for 

locomotive-boilers         •        •     19^1  1 93 
Safety-valve-area         .         .          194 — 196 
Dead-weighted  safety-valves     .      197,  198 
Feed-water  consumption    in  steam- 
boilers     199 

Feed-pumps  for  sleam-boileis  .  .  199 
Feed  back -pressure- valves  .  .  .  200 
Action  of  an  injector  .  .  .  200 
Rules  for  injectors  .  .  .  .  201 
Automatic  re-starting  injector   .     201,202 


CONTENTS. 


PAGE 

Automatic    exhaust-steam    injector, 

rules  and  data  for     •        .        202—207 
Position    of    the   feed-discharge    in 

steam-boilers        •        .        .        .    207 
Unequal  expansion  and  contraction, 
strains  due  to,  in  boilers  fed  with 
cold  water        ....  207,  208 
Feed-water-heaters,    rules  and  data 

for 208 — 210 

Scale-forming  substance  in  feed- water  211 
Prevention  of  scale  in  steam-boilers  211,212 
Softening  and  purifying  feed- water  .  212 
Construction  of  steam-boilers  .  .213 
Cornish  boilers  .  •  •  .  213, 214 
Lancashire  boilers  •  .  .  214, 215 
Strengthening-rings,  and  expansion- 
hoops  for  furnace- tubes         .        •215 

Boiler-setting 216 

Galloway-boilers       .        •        .     216,  217 

Vertical  boilers 217 

Locomotive-boilers  .  .  .  218,  219 
Marine-boilers,  various  •  220 — 224 
Blow-off  cocks  and  fusible-plugs  •  224 
Directions  for  getting-up  steam .    224, 225 


PAGE 

Water-tube  boilers  .  •  226—228 
Velocity  of  hot  gases  •  .  .228 
Chimneys    for    steam-boilers,    rules 

for 228—230 

Boiler-explosions  •  .  .  .  230 
Causes  of  explosions  of  various  kinds 

of  steam-boilers  .  .  •  •  230 
Explosions  of  vertical  boilers  .  .231 
Sources  of  boiler-explosions  .  .  232 
Improper  setting  of  steam-boilers  •  233 
Corrosion  of  steam-boilers  .  232 — 234 
Zinc-remedy  for  corrosion  .  .  234 
Pitting  and  g^rooving  •  .  •  .  235 
Effect  of  pouring  water  on  hot  plates  236 
Overheating  •  •  .  .  236, 237 
Temperature  of  fractnred-plates  .  237 
Shortness  of  water  and  over-pres- 
sure     237, 238 

Weak  furnace-tubes  and  boiler-shells    238 
Fractured  plates,  defects  in  the  de- 
sign of  boilers,  defective  workman- 
ship and  materials :  and  preserva- 
tion of  boilers  when  not  in  use      .    239 
Method  of  testing  a  steam-boiler      •    240 


SECTION    III. 


STEAM,  CONDENSATION,  CONDENSERS,  AIR-PUMPS,  WATER- 
PUMPS  j  SLIDE-VALVES,  PISTON-VALVES,  CORLISS  AND 
OTHER  VALVES;  UNK-MOTION  AND  OTHER  VALVE- 
GEARS,   ETC 


PAGE 

Pressure  of  steam  .  .  .  .  243 
Volume,    pressure,    and    density    of 

steam 243,  244 

Advantage  of  high-pressure  steam  .  244 
Temperature  and  volume  of  saturate<l 

steam,  table  of  .  .  .  245,  246 
Weight,  volume,  total  heat,  and  latent 

heat  of  steam,  table  of  .  246—250 
Flow  of  steam  through  an  orifice  .  250 
Superheated  steam  .  .  251  —  252 
Separator,  steam  drier  .  .  252,  253 
Condensation  of  steam,  rules  for  253 — 255 
Efficiency  of  steam  in  an  engine        •    256 


PAGE 

Final    temperature  of   steam    in    a 
cylinder  or  condenser        •         256,  257 

Vacuum 257 

Power  obtained  by  using  a  condenser     258 
Water  required  for  condensation  in 
condensing-engines  •        .        .     .     258 

Hot-well 259 

Jet  condensers  .  .  .  259,  260 
Air-valve  for  condensing-engines  .  261 
Ejector-condenser  .  •  .  .261 
Surface-condensers  •  .  .  •  261 
Cooling-water  and  cooling-surface  of 
surface-condensers        •        .  262 


CONTENTS. 


XI 


PAGE 

Quantity  of  steam  condensed  by  cold 
surfaces 262 

Weight  of  steam  condensed  by  tube- 
surface  of  condensers    .        .        .     263 

Cooling  surface  and  water  required 
for  surface-condensers      .        .    .     264 

Circulating-pumps  and  condenser- 
tubes  264,  265 

Packings  of  various  kinds  for  con- 
denser-tubes ....    265,  266 

Air-pumps,  condensers  and  air-pump 
vaJves         ....      266 — 272 

Heat  carried  off  in  condensing  water    272 

Method  of  measuring  water  flowing 
from  the  air-pump  of  a  condensing 
engine 273,  274 


PAGE 

Mode  of  carrying  out  an  engine-test 

275—277 
Water-pumps  and  tanks,  rules  for  277 — 283 

Slide-valves 284 

Lap,  lead,  and  travel  of  slide-valves, 

rules  for  ....  285^289 
Trick-valve  and  expansion  slide- 
valves  ....  289 — 293 
Diagrams  of  slide-valves  .  .  292,  293 
Slide-valve,  relief-frames  .  295 — 297 
Piston-valves,  double-beat  valves  and 

Corliss  valves  •  .  .  299 — 302 
Link-motion  .  .  .  303 — 305 
Eccentrics  and  eccentric-straps  306 — 308 
Joy's  valve-gear  .  •  •  308 — 310 
Bremme's  valve-gear      •       •      310^312 


SECTION    IV. 

CONNECTING  -  RODSy      CO  UP  LING  -  RODS,      CRANK  -  SHAFTS, 
CRANK' AXLES;    SCREW  ^  PROPELLER -SHAFTING    AND 
BEARINGS,  SCREW-PROPELLERS,  PADDLE-WHEELS,  AND 
JET-PROPELLERS,   ETC. 


PAGE 

Connecting-rods  of  various  kinds  for 

marine-engines     .        .        .     3i5f  3^6 
Connecting-rods  for  stationary-engine    3 1 7 
Connecting-rods,  rules  for        .      3i7»  318 
Connecting-rods      for      locomotive- 
engines    319 

Coupling-rods,  or  side-rods,  for  loco- 
motive-engines        •        .  320,  321 

Crank-shafts 322 

Crank-shafls,  built-up.        .        .     .     322 
Crank-shaft  for  triple-expansion  en- 
gines     322,  323 

Crank -shafts  for  marine-engines  322 — 324 
Crank-shafts,  proportions  and  weight 

of 324 

Crank-shafls,  rules  for  •  .  325,  326 
Crank-shafts,  bearings  and  bushes  for  326 
Strain  on  a  crank-pm  .  .  .  .  327 
Counter-balancing  cranks  .  .  327 
Crank-axles,  locomotive  •  328,  329 
^uses  of  crank-shafts  being  strained  329 
Crank-axles,  usual  manner  of  failure  of    329 


PAGE 

Analysis  of  steel  for  crank-shafts  .  330 
Bent-cranks  .  . '  .  .  .  330 
Cranks  for  large  pumps  .  .  .  330 
Strength  of  shafts  to  resist  bending  .  333 
Strength  of  shafts  to  resist  torsion  .  333 
Screw-propeller-shafting  and  bear- 
ings, rules  and  data  for  •  331 — 336 
Stem-shafl  and  stem -tube  .  .  336 
Plummer-blocks  and  thrust-bearings 

of  various  kinds    .        .        .     337,  338 
Screw-propellers  .        .        .     .     33^ 

Delineation  of  a  screw-propeller  339 — 341 
Pitch  of  screw-propellers  .  .  .  342 
Rules  and  data  for  screw-propellers 

and  propulsion  .         .         .        342 — 356 
Twin  screw-propellers      .         .        .     356 

Pitchometer 357 

Screw-steering-propeller  .  .  .  358 
Paddle-wheels  .  .  .  358—360 
Feathering  paddle-wheel,  rules  for  .  361 
Speed  of  a  paddle-steamer,  rules  for  361 
Jet-propellers  ....     361,  362 


Xll 


CONTENTS. 


SECTION    V. 

HORSE-POWER;  EXPANSION  OF  STEAM  IN  A  CYLINi 
PROPOJiTIONS  OF  THE  CYLINDERS  OF  STEAM-ENGIi 
PISTONS,  PISTON 'RODS  AND  CROSS- HEADS  j  A 
ENGINES;  DOUBLE  -  EXPANSION,  TRIPLE  -  EXPAND 
AND  QUADRUPLE  -  EXPANSION  MARINE  -  ENGIJS 
STEAM^TURBINE  ENGINES,   ETC. 


PAGE 

Heat»  the  source  of  power  of  steam  .     365 
Mechanical  value  of  heat        .       365,  366 

Horse-power 366 

Nominal  horse-power  of  condensing 

engines 367 

Nominal    horse-power    of  non-con- 
densing engines        .        .        368 — 370 
Effective  mean-pressure  of  steam  re- 
quired for  a  given  nominal  horse- 
power       370 

Nominal  horse-power  of  compound 

or  double-expansion  engines  .  371 — 373 
Nominal  horse-power  of  triple-expan- 
sion    and     quadruple  -  expansion 
engines    ....         374,  375 
Actual  or  indicated  horse-power    375,  376 
Friction  of  engines      .         ...     377 
Expansion  of  steam  in  a  c}*linder      .     377 
Terminal-pressure        .        .        .     .     377 
Average  pressure  of  steam  through- 
out the  stroke       ....     378 
Saving  effected  by  workingexpansively    378 
Maximum  economy  in  working  steam    379 

Steam-jacket 379 

Mean-pressure  of  steam  in  a  cylinder, 

rules  and  data  for.  .  380,  381,  382 
Table  showing  the  mean-pressure  of 
steam  in  a  cylinder,  with  various 
grades  of  expansion .  .  .  .  383 
Diameter  of  cylinders,  rules  for  384,  385 
Compound-engines  .  .  .  .  385 
Proportions  of  cylinders  of  compound 

or  double-expansion  engines       385,  386 
Proportions  of  the  cylinders  of  triple- 
expansion  engines      .        .        386,  387 
Best  arrangement  of  cranks      .         .     387 
Economy    of    triple-expansion    and 

quadruple-expansion  engines  .  .  387 
Proportions  of  the  cylinders  of  quad- 
ruple-expansion engines  .  .  388 
Metal  for  cylinder-liners  .  .  .  389 
Rules  for  cylinder-liners  .  •  •  389 
Rule  for  the  thickness  of  marine- 
engine- cylinders      .        .        .    .     390 


Locomotive-engine-cylinders     .     35 

Stationary-engine-cylinders  •         .     1 

Proportions  of  the  cylinders  of  non 
condensing  engines,  table  of 

Proportions  of  the  cylinders  of  com- 
pound or  double-expansion  marine • 
engines,  table  of      .         .         .     . 

Cylinders  of  triple-expansion  engines 

Velocity  of  steam  through  the  cylin- 
ders of  triple-expansion  engines     . 

Proportions  of  the  cylinders  of  triple- 
expansion  engines  of  various  steam- 
ships, table  of      ...         . 

Bolts  for  cylinder-covers      •         .     . 

Piston-speed  and  piston-displacement 

Pistons 

Piston  of  a  locomotive-engine  . 

Pistons  and  piston -rings,  various   39S 

Piston-rods ....        400- 

Metallic  packing  for  glands 

Cross-head  of  a  locomotive-engine    . 

Cross-head  'of  stationary  engine 

Cross-heads,    various,     of    marine- 
engines  405 

Mill-engines 

Stationary  non-condensing  engines  . 

Corliss  engine         .         .        .     408, 

Barring-engine 

Vertical    tandem    compound    mill- 
engine  

Non-condensing  compound  engine, 
with  automatic  expansion-gear  410- 

Marine-engines 

Compound  surface-condensing  screw 
engines    ..... 

Triple-expansion  engines       .     415 

Conversion  of  compound  or  double 
expansion-engines  I0  triple-expon 
sion  engines .... 

Quadruple-expansion  engines      . 

Oscillating  paddle-engines 

Marine-engine  governors     .        423, 

Initial  condensation  of  steam    . 

Steam  turbine  engines  .  42 


CONTENTS. 


XUl 


SECTION  VI. 

STRENGTH  AND  SPECIFIC  GRAVITY  OF  STEEL  AND 
WROUGHT-IRON  PLATES  AND  BARS;  CAST-IRON,  GUN- 
METAL  AND  OTHER  MATERIALS:  COMPOSITION  OF 
NUMEROUS  ALLOYS:  FRICTION:  TOOTHED  WHEEL 
GEARING,   ETC. 


PAGE 

Definition  of  strains  ....    445 

Modulus  of  elasticity  of  metals  and 
woods 446 

Elastic  limit  of  steel  and  wrought- 
iron 447 

Factor  of  safety         ....    447 

Test  strips  of  wrought-iron  and  steel    447 

Table  of  the  tensile  strength,  elonga- 
tion, and  contraction  of  area  of 
fracture  of  steel*  plates,  wrouglt- 
iron  plates  and  bars       .        .        •    44S 

Mild  steel-plates  for  fire-boxes  .        .    448 

Table  of  streng.h  of  wrought-iron  and 
steel  bars  and  plates,  culled  from 
the  test  books  of  several  noted 
manuficturers        .        .        .   448—450 

Table  of  the  breaking  strength  of 
steel-plates  and  bars,  crank-shafis, 
tyres,  axles,  rails,  steel- wire,  &c., 
by  various  authorities    .        .  453  -455 

Table  of  the  breaking  strength  of 
iron-wire,  wrought-iron  bars  and 
plates,  and  forgings  :  giving  a^so 
the  effect  of  cold-rolling,  and  the 
loss  of  strength  in  screwing  and 
welding,  by  various  authorities  455 — 458 

Table  of  the  tensile  strength  and 
compressive  strength  of  cast-iron, 
by  various  authorises    .        •45^)  459 

Table  of  the  breaking  strength  of 
metals  and  alloys,  by  various 
authorities     ....    460, 461 

Tabic  of  the  tensile  strength  and 
resistance  to  torsion  of  wires  of 
various  metals       .        .        .        .461 

Table  of  the  tensile  strength  and 
conductivity  of  silidum-bronze  and 
phosphor-bronze  wire    .        .        .    462 

Table  of  the  tensile  strength,  electri- 
cal resistance  and  relative  conduc- 
\ivity  of  wires  of  various  metals     .    462 


PAGE 
Table  of  the  tensile  and  compressive 

strength    of    timber,    by    various 

authorities  ....  462 — 465 
Table  of  specific  gravity  of  timber  465,  466 
Table  of  the  specific  gravity  of  cast- 
iron,  wrought-iron,   steel,  bronze, 

brass,  tin,  lead,  zinc,  and  other 

metals 467 

Table    of    the    specific    gravity    of 

various  materials  and  liquids  .  468,  469 
Table  of  specific  gravity  of  gases  and 

vapours 469 

Rules  for  specific  gravity  .  .  .  470 
Table  giving  the  weight  of  a  cubic 

foot  of  various  metals    .        .        .    470 

Aluminium 471 

Table  giving  the  weight  of  a  cubic  foot 

of  stone  and  mineral  substances  .  471 
Table  giving  the  weight  and  bulk  of 

stone 472 

Table  giving  the  weight  of  a  cubic 

foot  of  timber'  .  .  .  472—474 
Table  giving  the  weight  of  liquids  .  474 
Table  of  the  average  strength  and 

weight  of  metals  .  .  .  475  —482 
Metals  for  the  bearings  of  the  journals 

of  shafts 482 

Antiroonial  lead  and  babbit- metal  .  483 
Table  of  lead  and    tin    alleys   for 

bearings  ....  483,  484 
Table  of  tin  and  copper  alloys  for 

liearings  ....  484,  485 
Table    of  zinc  and  tin    alloys    for 

bearings  ....  485,  486 
Bushes  with  lining-strips  of  white-metal  486 
Table  of  alloys  for  metaUic  packing  .  487 
Plastic  white-metal  .  .  .  •487 
Table  of  copper  and  tin  Ulloys  for 

bearings  and  other  purposes  .  487—489 
Table  of  the  composition  of  brass  and 

gun-metal  for  various  purposes  489—491 


XIV 


CONTENTS. 


PAGE 
Table  of  the  composition  of  miscel- 
laneous  alloys    for    various    pur- 

P>ses 491—494 

Table  of  the  composition  of  various 

manganese  bronzes        .        .    494,  495 
Table  of  the  strength  of  bronze  sind 
other    metals    at    high    tempera- 
tures      49S— 497 

Wear-resisting  qualities  of  metals  497,  498 
Friction  of  the  journals  of  shafts  in 

bearings 498 

Causes  of  excessive  friction        .    498,  499 
Friction  and  mechanical  efficiency  of 

steam-engines        .  .    499,  500 

Friction  ol    steam  engines,  shafting 

and  gearing  in  factories .        .    500,  50  x 
Friction  of  locomotive  engines  .        .    501 
Friction    of    gas-engines    and    oil- 
engines  501,  502 

Fluid-friction  of  the  lubricated  sur- 
faces of  machinery         .        .        .    502 
Reduction  of  friction  by  planishing  .    503 
Antifrictional  qualities  of  alloys         .    503 
Pressure  and  friction         .        .        .    503 
Table  of  coefficients  of  friction  of 
the    rubbing    surfaces   of   various 
materials       ....   504 — 507 
Effect  of  lubrication  on  friction         .    507 
Splash  lubrication     ....    507 
Forced  lubrication    .        .        .    507,  508 
Self-lubricating  bearings  .        .        .    50S 
Efficiency   of    different    systems    of 

lubrication 509 

Lubricants  for  the  bearings  of  the 

journals  of  shafts  ....    509 
Mineral  oil,  and  composition  of  lubri- 
cants      510 

Heating  of  journals  and  bearings  5ipy  511 
Abrasion    of  the    bearings    of    the 

journals  of  shafts  .        .        .        •    511 
Bearing  capacity  of  the  journals  of 

shafts 511,  512 

Table  of  the  pressure  on  the  bearings 
of  the  journals  of  shafts,  crank-pins, 
crosshead-pins,  and  other  bear- 
ings        5«,  5x3 

Pressure  suitable  for  a  given  velocity 
of  journal       •        •        •        -    S^Z*  5^4 


Velocity  of  the  journals  of  a  shaft  suit 

able  for  a  given  pressure 
Pressure  on   crank-pins,    crosshead 
pins,    and    slide-bars    of    steam 

engines 51 

Length  of  the  journals  and  bearing! 
of  shafts  .  .  .  'SI 
Footstep  bearings  of  vertical  shafts  5 1 
Toothed  wheel  gearing 
Form  of  the  teeth  of  wheels  .  51 
Knuckle  teeth  .  .  .  •  5i< 
Gee  teeth ...        .  • 

Length  of  the  teeth  of  wheels    .     5i< 
Pitch  and  thickness  of  the  teeth  of 

wheels 521 

Pressure  on  the  teeth  of  wheels .     521 
Table  of  the  maximum  working  pres- 
sure on  toothed  wheels  of  various 

metals 

Velocity  of  toothed  wheeb        .    523 
Limit    of   the    velocity  of   toothed 

wheels 524 

Wear  and  tear  of  toothed  wheels 
Friction  of  toothed  wheels         .    525 
Stress  in  the  rims  of  toothed  wheels 
and  fly  wheels  produced  by  centri- 
fugal force     ....    526, 
Bursting  velocity  of  toothed  wheels 

and  fly  wheels 
Cast-steel  toothed  wheels  . 
Strength  of  the  teeth  of  wheels .    527, 
Strength  of  different  forms  of  the 
teeth  of  wheels       .        .       .    528, 
Actual     horse  -  power    of     toothed 

wheels 529- 

Horse-power  of  double  helical  toothed 

wheels 

Bevel  and  mitre  wheels     . 
Mortice  wheels  and  shrouded  wheels 
Automatic  oiling  of  toothed  wheels  53 1 , 
Raw-hide  toothed  wheels  . 
Sellers'  proportions  of  the  cut  teeth 

of  wheels 

Diametral  pitch  of  the  teeth  of  small 

wheels 533, 

Transmission  of  power  by  shafts  and 
shafting  in  factories       •       • 


INDEX 


5'%  0 
J3 


ALPHABETICAL   LIST   OF    ILLUSTRATIONS. 


Adamsoii*8  absorber  flanged  seam  . 
Air-pump  valves  .        .        •     . 

-——  -valve  •  .  .  •  . 
Apparatus  for  measuring  condensing- 

water  in  engine-tests  •  •  • 
Application   of  heat  to  the  surface 

of  water 

Automatic  oiler  for  wheel  gearing    . 


PAGE 

169 
272 
261 

273 

100 
532 


Back-pressure  valves 
Balanced  slide-valves,  various 
Barring-engine    • 
Bent  ciank 

Bevel  anu  mitre  wheels 
Blow-oflfcock  .        •        • 
Boiler  explosions  . 

Boss  of  screw-propeller    . 
Bremme's  valve-gear   .        • 
Bushes  for  journals  • 


.  200 
295—298 
.     .    410 

.    330 

•    •    531 

.    225 

231—239 

•  345 
3"»3i2 

•  486 


Circulating-pump  and  air-pump  •  •  265 
Coal  bunker  •  .  .  •  •53 
Combustion-chambers    {ok    burning 

liquid  fuel  .  .  •  •  70 — 73 
Compound  marine-engine  •  •4x7 
Connecting-rods  for  locomotives  318 — 320 

for  marine-engines       .        •     •     3^5 

-^— for  stationary-engines  .  316,318 
Corliss  engine-cylinder  and  valves    .    408 

valve-gear  .    •   .        .        .    •    301 

Cornish  boilers  ....  213 
Coupling  of  propeller-shafting      .     .     332 

rods  for  locomotives         .        .321 

Crank-shafts  for  marine-engines  322,  323 
Cranks  and  eccentrics  .  .  .  285 
Cross-heads  of  various  kinds       402  —406, 

Dead- weighted  safety-valve      .  •     I97 

Delineation  of  a  screw-propeller  .    .    340 

Diagrams  of  slide-valves  .        •  292,  293 

—  of  steam-pressure        •  378,  380 

Eccentrics   and    eooentric-stnps  of 
various  kinds        •        t       •    306—308 


PAGE 

£gg-en(?ed  boiler  and  setting  •  •  95 
Ejector-condenser  .  .  ,  .261 
Expansion  slide-valves         .        290—294 

Feathering  paddle-wheel .  •  •  359 
Feed-pumps  for  boilers        •        .     •     199 

water  heater  .        .        .        .210 

Fire-box  of  locomotive-boiler         172,173 

roof-stays         ....     174 

Fire-boxes,  or  combustion-chambers  178 
Footstep-bearings         .        ,         516,  517 

Furnace-front 84 

for  burning  dust-fuel    .        .     .      78 

tubes     ....      170,  171 

Fusible  plug       •        .        •        •    .    225 

Gas-engine 61 

Hot-air  engine 64 

Howden's  syston  of  forced  draught  .     126 

Injectors     •        .        •        •         202 — 204 

Jet  propeller  •  •  •  •  .  362 
Joy*s  valve-gear  .        ,        .  309,  310 

Journal  and  bearing •«        •        •        •     515 

Lancashire  boilers       •        •  214,  215 

Lever  safety-valve    .  .        .182 

Link-motion,  of  various  kinds       393 — 395 
Liquid-fuel  injector     .         .        .68,  69 
Locomotive  and  stationary  engine- 
cylinders   ....      389 — 391 

boiler         ....  218,  219 

ctank-axles    .        •        •        328,  329 

Marine-boilers  ....   220—224 

engine-governor  •        ,    .    423  , 

Mechanical  stoker   .        .         .        .81 
Metallic-packing  for  glands  .     .     402 

Method  of  measuring  flowing  water  .       23 

of  setting  boilers  •        •     •    216 

Models  of  slide-valves      .        .        •    284 

Non-condensing  compound-engine  •     413 


XVI 


ALPHABETICAL  LIST  OF  ILLUSTRATIONS. 


Oscillating  paddle-engine 


PAGE 

421 


Packings  for  condenser- tubes  .  265,  266 

Pelton's  water-wheel        •        •  •       35 

Petroleum -engines        •        .  '75*  7^ 

Piston-valves,  various       .        .  299,  303 

Pistons  of  various  kinds        .  397— 400 

Pitchometer     .        •        •        .  .     357 

Planishing  tool 503 

Plummer-block        •        •        .  .     5^1 

Quadruple-expansion  marine-engines     419 


Radiator  and  heat  retarders 


132—134 


Sa.ety- valve  springs         .        .      186,  189 
Safety-valves  for  locomotive  and  other 
boilers    .        .186,  189,  190,  192,  193 


for  marine-boilers 

Screw-propeller 

propeller-shafting 

steering  propeller 

Sclf-lubricating  bearings 
Separator 
Serve  tube  . 
Slide-valves,  varioui 


191 

338 

331 

358 
$08 

253 
181 

285—290 


Spiral,   helical,   and   double  hel:o 

wheels     ..... 

Stationary  non-condensing  engine 

Steam  collecting-pipe 

dryer       .... 

Stem-tube  and  stern-shaft    . 

Straw-burning  apparatus 

Superheater        .        .        •         • 
Teeth  of  wheels  517—5^9.  52 

528,  5: 
Thrust-bearings,  various    .         .     33 
Triple-expansion  engine-cylinders 
Triple  expansion  engines  .      {Front i 
Turbines,  steam,  various     475,  426, 

433»  435»  436,  438,  44< 
Turbines,  water,  various   .    26,  28,  '■ 

Twin-screw  propeller 

Vertical  and  horizontal  air  pumps  anc 


condensers  .        . 
Vertical  boilers   . 

jet  condenser  . 

pumps 

tandem  mill-engine 

Water-tube  boilers      • 
Windmills       •        « 


26; 


a; 


221 


SECTION    I. 


AIR,  WIND,  AND  WIND-MOTORS  ;  WATER  AND 
WATER-MOTORS;  HEAT  AND  FUEL;  GAS 
AND  GAS-ENGINES ;  COMBUSTION,  ETC. 


SECTION    I. 


AIR,  WIND,  AND  WIND-MOTORS  ;  WATER  AND 
WATER-MOTORS ;  HEAT  AND  FUEL;  GAS 
AND  GAS-ENGINES;  COMBUSTION,  ETC. 


4  THE  PRACTICAL  ENGINEER'S  HAND-BOOK, 

The  Weiglit  of  Atmospheric  Air  is  '08072  lb.,  or  1*2916  ounce 
565  grains,  per  cubic  foot,   at  32°  Fahr.,  under  the  pressure   of 
atmosphere.    At  62°  Fahr.  the  weight  of  one  cubic  foot  is  32  grains 
or  533  grains,  or  1-2171  ounces  or  076098  lb. 

The  Weiglit  of  Air  under  the  pressure  of  one  atmosphere  at  32^  F 
is  773  times  lighter  than  that  of  water  of  the  same  temperature,  arn 
62®  Fahr.  it  is  820  times  lighter  than  water  of  the  same  temperature, 
ordinary  calculations  air  is  frequently  taken  as  770  times  lighter  i 
water. 

The  Weight  of  Air  is  about  two-thirds  more  than  that  of  gaseous  ste 
and  about  fourteen  times  greater  than  that  of  hydrogen. 

The  Weight  of  Air  decreases  with  the  height  above  the  surfac 
the  earth,  its  weight  at  a  height  of  3I  miles  being  only  one-half ;  a 
miles,  one-fourth;  at  io|  miles,  one-eighth;  and  at  a  height  of  14  mi 
one-sixteenth  of  its  weight  on  the  surface  of  the  earth. 

The  Volume  of  one  pound  of  Air  under  the  pressure  of  one  ati 
sphere  at  32°  Fahr.  is  12*386  cubic  feet,  and  at  62°  Fahr.  it  is  13 
cubic  feet. 

Compression  of  Air. — The  power,  independent  of  friction,  leaka 
and  resistance  of  valves,  necessary  to  compress  a  given  volume  of  air 
isothermal  compression  is  theoretically  obtained  by  the  formula*  : — 


where 


W.=  [(i^^f-^  X  P)  -  a]  X  V, 


Wt=  the  work  performed  by  isothermal  compression. 

R  =  the  ratio  of  compression  =  absolute  end-pressure  divided 

the  absolute  pressure  of  the  atmosphere. 
P  =  the  pressure  in  the  receiver  =  end-pressure  in  compressir 

cylinder. 
Vi=  volume  traversed  by  the  compressing-piston. 
A=:the  back  pressure  of  the  atmosphere  =  147  lbs.  per  squs 

inch. 

Example :  Required  the  amount  of  power  expended  in  compressing  0 
cubic  foot  of  air  of  45  lbs.  pressure  per  square  inch  above  the  atmosphere 
597  lbs.  total  pressure? 

Then 

R  =  597  _  4.06,2. 

U7 
log.,  R,  or  the  hyperbolic  log.  R  =  1*401 5. 

P=:  597  lbs.  per  square  inch  =  597  x  144=8596-8  lbs.  per  squai 

foot. 

Vi  is,  for  isothermal  compression,  inversely  as  the  pressure  and 

=  R  X  the  number  of  cubic  feet  of  compressed  air  produced, 

=  4*0612  X  I  cubic  foot  =  4'o6i2  cubic  feet. 

A  =14*7  lbs.  pressure  per  square  inch  =s  147  x  144  =  2116' 

lbs.  pressure  per  square  foot. 


in 


*  The  Author  is  indebted  for  the  above  formulae  to  the  Articles  on  Compressed  A 
"The  Engineer,"  of  Feb.  6  and  13,  1885. 
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Wt=  r^i±^l£L5^x  85968  lbs.)-  2II6-8  lbs. 

=  [('59^3  ^  8596-8)— 21 16-8]  X  4-0612  cubic  feet 
=  2966*7  lbs.  X  4*0612  cubic  feet. 


X4'o6i2  cub.  ft 


Therefore 

Wt=  12048  foot-pounds. 

To  find  the  amount  of  steam  power  necessary  to  compress  a  given 
amount  of  air,  it  is  necessary  to  consider  the  losses  caused  by  friction, 
leakage,  and  heating  of  the  air.  The  theoretical  power  may  be  taken  as 
that  due  to  adiabatic  compression,  but  friction  and  leakage  as  due  to 
isothermal  compression. 

By  adiabatic  compression  the  mean  forward  pressure  is  found  by  Professor 
Cotterills*  formula,  where  for  adiabatic  compression  of  air  »  =  y  =5  1*41. 

P    =  - /y     y^i—     '      yP 

7—1      r      y— I        * 

Where 

P„.  =  the  mean  forward  pressure  per  square  inch,  absolute. 

P,  =  the  pressure  resulting  from  compression  =  59*7  lbs.  per  square 
inch  =  8596-8  lbs.  per  square  foot. 

Pa  =  the  pressure  of  the  atmosphere  =  14-7  lbs.  per  square  inch  = 
21 16*8  lbs.  per  square  foot. 

Y=  1-41  (a  number  on  which  the  velocity  of  sound  depends,  irre- 
spective of  any  special  theory  of  heat,  found  by  experiment 
to  have  this  value  for  air  and  other  simple  gases). 
^  specific  heat  of  air  at  constant  pressure  _  183-4  _ 

""  specific  heat  of  air  at  constant  volume  ""  130*2  "" 
r  =  ratio  of  compression,  the  volume  of  air  to  be  compressed  at 
147  lbs.  pressure  and  60  deg.  F.  being,  as  in  the  former 
case,  4-0612  cubic  feet:  the  resulting  volume  is  found  in  the 
following  way : — 

Temperature  due  to  compression  =  Tj 

^/ultoatejressureV.,  x  absolute  initial  temperature. 
V  mitial  pressure  / 

=  p9-7j  "'jji  deg.  =  40612'^  X  521. 

Log.  Ti=  -29  X  log.  4-0612  +  log.  521  deg. ; 
and  temperature  =  782*3  deg.  F. 
Rise  of  temperature  =  782*3  —  521  =  261*3  ^^ff-  F-  ^"^^ 
261*3  4-60=  321  deg.  F. 

T,      ...         ,           14*7  lbs.  ^  4*o6i2  cub.  ft.  (782*3^—28°)* 
Resultinsvolume  =  ^  '  ,. —  x  -3 AZ_    ^> L. 

*  59*7  lbs.  521'' -28° 

=  '246  X  6-213  =  1*53  cubic  feet. 

Ratio  of  compression  =^L-^ =  2*654. 

*  If  the  standard  volume  of  these  calculations  were  taken  at  32  deg.  F.  the  changes 
of  volume  would  be  proportional  to  the  absolute  temperature,  but  if  taken  at  60  deg.  F., 
60  d^  --32  d^.  =  28  deg.  has  to  be  deducted  from  all  the  absolute  temperatures. 
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Therefore 

P.=fi:4i^iS7W_i_^      lbs.) 

V-4I       2*654/     V'4l  / 

=  (3*439  X  22-49)  -  (2439  X  147  lbs.) 
=  77*346  —  35843  =  41*498  lbs.  per  square  inch. 
Mean  effective  pressure  =  41*498  —  14*700  =  26*798  lbs.  per  square 

inch  =  26798  X  144  =  3859  lbs.  per  square  foot. 
Total  power  exerted  in  compressing    4*0612   cubic  feet  of    air 
adiabatically  =  4*0612  cubic  feet  x  3859  lbs.  per  square 
foot==  15,672  ft.-lbs. 
Assuming  friction,  leakage,  and  resistance  of  valves  to  be 
about  24  per  cent.,  in  addition  to  the  load,  then  each  foot- 
pound in  the  compressor  requires  1*24  foot-pounds  steam- 
pressure,  and  the  friction  due  to    12048  foot-pounds  will 
■^  12048  X  *24 2892  ft.-lbs. 

Total  power  required  for  i  cubic  foot  of  compressed  air    .  18564  ft.-lbs. 

The  Temperature  of  the  Atmosphere  is  greatest  at  the  surface  of 
the  earth,  and  decreases  with  the  height  above  the  surface ;  the  decrease 
being  at  the  rate  of  1°  Fahr.  for  every  340  feet  of  vertical  height. 

The  atmosphere  receives  scarcely  any  of  its  warmth  directly  from  the 
sun's  rays,  but  is  heated  almost  entirely  by  the  ground  on  which  it  rests, 
and  it  is  therefore  in  the  condition  of  the  water  in  a  boiler  where  the  heat 
is  applied  from  below. 

The  Temperature  of  the  Air  on  the  sur&ce  of  the  Earth  varies 
with  the  height  above  the  level  of  the  sea,  and  with  local  circumstances. 
It  decreases  from  the  Equator  to  the  Poles. 

The  greatest  Keat  in  the  Air  seldom  exceeds  1 50^  Fahr.,  and  the 
greatest  cold  is  seldom  more  than  74°  Fahr.  below  freezing  point 

Air  is  increased  in  Volume  by  Elevation  of  Temperature:  the 
volume  varies  as  the  absolute  temperature  when  the  pressure  is  constant. 
Absolute  temperature  is  measured  from  absolute  zero,  which  is  461°  below 
zero  of  Fahrenheit's  scale,  at  which  point  air  has  no  elasticity,  therefore  it 
has  been  adopted  as  that  of  absolute  zero.  The  absolute  temperature  is 
found  by  adding  461  to  the  temperature  indicated  by  a  Fahrenheit- 
thermometer. 

The  increased  volume  of  a  constant  weight  of  air  of  which  the  initial 
volume  =  I  taken  at  32®  Fahr.,  heated  to  a  given  temperature  undei 
atmospheric  pressure,  or  14*7  lbs.  per  square  inch,  may  be  found  by  thif 
jRiiU  .— 

I^icreased  volume  of  Air  =  ?J^:^iLt£^P^l^i^>^-^  ±J^ 

32  -f  461 
If  the  temperature  be  taken  at  62°  instead  of  32°,  the  divisor  is  62  -f46 

=  523. 

Example :  Required  the  increased  volume  of  a  constant  weight  of  air  a 
75°  Fahr.,  of  which  the  initial  volume  =  i  at  32"^  Fahr. 

7C^    -^    J.61 

Tlien  '^-^  ^  =  1*087,  the  increased  volume  of  air  by  expansior 
Table  No,  i  has  been  calculated  by  this  rule. 


PRESSURE  OF  AIR. 


The  volume  of  a  constant  weight  of  air  for  any  pressure,  when  the 
volume  at  a  given  pressure  is  known^  the  temperature  remaining  constant, 
may  be  found  by  this  Rule : — 

N^w  volume  of  Air  =  Given  volume  X  given  pressure 

^  New  pressure 

The  product  of  the  pressure  and  volume  of  air  is  proportional  to  the 
absolute  temperature.  The  pressure  of  air  varies  directly  as  the  absolute 
temperature  when  the  volume  is  constant,  and  inversely  as  the  volume 
when  the  temperature  is  constant. 

The  pressure  of  a  constant  weight  of  air  for  any  other  volume  and 
temperature,  when  the  pressure  is  known  for  a  given  volume  and  tempera- 
ture, may  be  found  by  this  Rule  : — 

New  pressure  ofAtr  =s 

Given  pressure  x  Given  volume  X  New  absolute  temperature. 

New  volume  x  Given  absolute  temperature. 

Table  i. — Increased  Volume  of  Atmospheric  Air  by  Expansion 

DUE  TO  Elevation  of  Temperature. 


At  32^ 

Fahr. 

vol.  equal 

I'OOO 

At  loo'^Fahr. 

vol.  equal 

1*137 

„   35^ 

>» 

» 

I '006 

„    110°     „ 

7» 

1-158 

„    40° 

» 

i> 

roi8 

»    120°     „ 

1                               >^ 

99 

II78 

„   45^ 

»> 

19 

1-026 

„    130°     „ 

99 

I-I98 

„    50° 

» 

>» 

1-036 

„    140°     „ 

»» 

1219 

-    55" 

79 

y» 

1*046 

„    150°     ,9 

» 

1-239 

„    60^ 

99 

99 

1-056 

„    160°     „ 

» 

1-259 

„   65° 

99 

V 

I -066 

9,    170°     „ 

» 

1-279 

„    70° 

99 

» 

I -077 

„    180°     „ 

99 

1-300 

"    Pi 

J» 

9> 

1-087 

„    190^     „ 

l> 

1-320 

,,    80° 

» 

)> 

ro97 

„    200°     „ 

99 

i'34i 

„    85^ 

>> 

>» 

rio7 

„    210°     „ 

» 

1-361 

„    90^ 

» 

1-117 

»    212^     „ 

» 

1365 

„   95° 

>l 

99 

1-127 

„    230      99 

99 

1*402 

The  Mean  Piressnre  of  the  Atmosphere  at  the  level  of  the  sea  is 
equal  to  14-7  lbs.  per  square  inch,  being  the  weight  of  a  column  of  air 
one  inch  square,  of  the  height  of  27,800  feet  at  32°  Fahr.  of  uniform 
density  equal  to  that  of  air  at  the  level  of  the  sea.  This  is  called  one 
atmosphere  of  pressure,  and  it  is  taken  in  round  numbers  at  15  lbs. 
pressure  per  square  inch. 

The  Atmospheric  Pressure  is  equal  to  144  square  inches  x  14*7  lbs. 
=  2n6'8  lbs.  per  square  foot. 

A  Column  of  Mercury  20*922  inches  high — or  in  round  numbers  30 
inches  high — at  33**  Fahr.  will  equal  or  balance  the  pressure  of  the  atmo- 
sphere, at  the  mean  level  of  the  sea. 

A  Column  of  Water  at  62"*  Fahr.  i  inch  square  and  33*947  feet  high 
— or  in  round  numbers  34  feet  high — ^will  equal  or  balance  the  pressure  of 
the  atmosphere. 
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AColumxL  of  Air  -^ =  1803  feet  high,  at  xz^  Fahr.  of  uniform 

147  ^ 

density  equal  to  that  of  air  at  the  level  of  the  sea,  will  equal  a  pressure  of 

I  lb.  per  square  inch. 

▲  Column  of  Kercnry  ^^  ^f  ^  =  2-035  inches  high  at  32^  Fahr. 
will  equal  a  pressure  of  i  lb.  per  square  inch. 

▲  Column  of  Water  ^^  ^^^  =  2  309  feet  high — or  in  round  numbers 

147 
2'3i  feet  high;  or  2*31  x  12  =  2772  inches  high  at  62°  Fahr.  will  equal 

a  pressure  of  i  lb.  per  square  inch. 

The'Atmospherio  Besurtaace  to  moving  bodies  increases  as  the 

square  of  the  velocity  of  the  body  :  and  the  atmospheric  resistance  in  lbs. 

per  square  foot  of  frontage  of  a  moving  body  increases  as  the  square  oi 

the  velocity  in  feet  per  second   multiplied   by  "0017.     Example:  What 

amount  of  atmospheric  resistance  is  opposed  to  the  front  of  a  locomotive 

engine  having  a  frontage-area  of  30  square  feet,  at  a  speed  of  40  miles  an 

hour? 

_,,       1760  yards  x  3  feet  x  40  miles  ^,,         ,     rs  rra 

Then    '  .^    ^ — ; — ^—7- ^— 1 =  58-66,  and  58'66«    x   -0015 

60  mmutes  x  60  seconds  ^       9  ^  * 

X  30  feet  area  =  i75'49  lbs.  atmospheric  resistance  opposed  to  the  fron 

of  the  locomotive  engine. 

The  Atmospherio  Besistance  on  Bailwajs,  independent  of  sid< 
winds,  at  ordinary  speeds,  is  equal  to  about  one-half  the  gross  resistance,  o; 
from  3  lbs.  to  4  lbs.  per  ton  of  the  weight  of  the  engine,  tender  and  train 
With  average  side  winds  a  constant  total  resistance  of  8  lbs.  per  ton  of  th< 
weight  of  the  engine,  tender  and  train,  is  usually  adopted  in  calculations  o 
this  kind. 

The  Weather-Barometer  is  an  instrument  for  measuring  the  atmos 
pheric  pressure,  the  pressure  being  measured  by  a  column  of  mercury  whicl 
rises  or  falls  as  the  weight  of  the  atmosphere  increases  or  diminishes.  I 
consists  of  a  straight  glass  tube,  33  inches  long,  closed  at  the  top,  containin] 
mercury ;  the  lower  end  dips  into  a  cup  of  mercury  placed  at  the  bottom  c 
the  tube.  There  is  a  space  at  the  top  of  the  tube,  free  from  air  and  moisture 
and  the  mercury  is  raised  in  the  tube  by  the  atmospheric  pressure  on  th 
mercury  in  the  cup ;  the  level  of  the  mercury  in  the  tube  varies  with  th 
heaviness  or  lightness  of  the  atmosphere.  The  graduations  on  the  instrv 
ment  indicate  weather  as  follows : — 

Height  of 
the  ^Ye^cury 
in  Inches. 

28  indicates  Stormy  weather, 
28*5        „        Much  rain. 

29  „        Rain. 

29*5  „  Change  of  weather, 

30  „  Fair  weather. 
30' 5  „  Set  fair. 

31  „  Very  dry. 
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A  Barometer  has  sometimes  been  used  instead  of  a  vacuum-gauge,  but  it 
differs  in  construction  from  the  weather  barometer,  and  consists  of  a  glass 
tube  bent  in  the  form  of  an  inverted  syphon.    One  leg  of  the  syphon- 
shaped  lube  is  open  to  the  atmosphere  and  contains  mercury ;  the  end  of 
the  other  syphon-leg  is  connected  by  a  pipe  to  the  condenser,  and  the 
mercury  rises  in  this  leg  according  to  the  amount  of  vacuum  and  falls 
according  to  the  amount  of  vapour.     When  not  in  operation  the  mercury 
^'ill  stand  at  the  same  level  in  both  legs  of  the  syphon.     If  there  were  a 
perfect  vacuum  in  the  condenser,  as  each  pound  of  vacuum  represents 
2  inches  of  mercury,  the  pressure  of  the  atmosphere  in  one  leg  would  cause 
the  mercury  to  rise  in  the  other  leg  of  the  syphon  connected  to  the  con- 
denser to  a  height  of  30  inches,  when  it  would  balance  the  atmospheric 
pressure  and  indicate  15  lbs.  of  vacuum;  if  the  mercury  rose  to  26  inches 
it  would  be  13  lbs  of  vacuum,  and  so  on,  the  indicated  pressures  being  those 
below  atmospheric  pressure. 

The  Ordinary  Weatlier-Baroiiiater  can  be  used  for  ascertaining  the 
heights  of  mountains.  The  mercury  falls  on  being  taken  to  a  height  above 
the  ground  at  the  rate,  approximately,  of  one-tenth  of  an  inch  for  every 
hundred  feet  of  vertical  height,  because  the  atmospheric  pressure  decreases 
with  the  height  above  the  surface  of  the  ground. 

VhB  Anttoid-Baroiiiater  is  the  best  instrument  for  ascertaining  heights, 
because  it  is  extremely  sensitive  and  contains  no  liquid.  It  consists  of  a 
round  metal  box,  exhausted  of  air,  in  the  top  of  which  a  very  thin  and 
flexible  sheet-metal  plate  is  placed,  which  yields  to  the  pressure  of  the 
atmosphere,  and  actuates  a  system  of  multiplying  levers  and  a  spring 
connected  to  an  index,  which  moves  on  a  scale. 

ThB  PteMiira  of  the  Atmosphere  in  Ilia  per  square  inch  cor- 
responding to  the  Height  of  a  Barometer  may  be  found  by  mul- 
tiplying the  weight  of  a  cubic  inch  of  mercury,  =-4908  lb.,  by  the  height 
of  the  barometer  in  inches.  The  following  Table  has  been  calculated  by 
this  rule. 

Table  2. — Pressure  of  Atmospheric  Air  at  different  Heights  of 

THE  Barometer. 


Height 

Pressure  of  the 

Prefsurc  c  f  the 

Hdeht 
of  the 

Pressure  of  the 

Pressure  of  the 

\      of  the 

Air  in  lbs.  per 

Air  in  lbs.  per 

Air  in  lbs.  per 

Air  in  Ujs.  per 

^  Barometer. 

Squaie  Inch. 

Square  Fooc 

Barometer. 

Square  Inch. 

S<|uare  Foot. 

Inches. 

Inches. 

I      27 

X3'25 

1908*23 

29-25 

14-35 

2067-24 

27-25 

13*37 

1925-89 

29-50 

14-47 

2084-92 

27-50 

>349 

i943'56 

29-75 

1460 

2102-58 

27-75 

13-61 

1961*23 

30 

14-70 

2ii6-8o 

28 

1374 

1978-90 

30-25 

14-84 

2137-92 

28-25 

1386 

199656 

30-50 

14-96 

215559 

-28-50 

1398 

2014-24 

3075 

15-09 

2173-26 

28-75 

I4-I1 

2031-91 

31 

15-22 

2190-94 

29 

1423 

2049-58 

3»"5 

15-46 

2226*27 
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PRESSURE   AND    VELOCITY    OF    WIND. 

Wind  is  air  in  motion,  due  to  the  disturbance  of  the  equilibrium  in  some 
part  of  the  atmosphere,  caused  by  a  difference  in  temperature  of  adjacent 
countries ;  the  air  in  one  part  having  become  heated  expands,  and  being 
lighter,  rises,  and  the  motion  of  the  cooler  air  in  rushing  in  to  supply  its 
place  produces  a  current,  the  velocity  of  which  depends  upon  the  difference 
between  the  temperatures. 

The  Velooity  of  the  Wind  increases  with  altitude.    The  velocity 
at    different    altitudes    may    be    calculated  by    the    following  Rule: — 

—  =  j\J  -    in  which  V,  v,  H,  h,  are  the  velocities  and  heights  at  the  lower 

and  upper  levels  respectively. 

The  Force  of  Wind  increases  as  the  square  of  its  velocity.  The 
ratio  of  the  different  forces  exerted  by  two  winds  of  different  velocity  is 
found  approximately  by  squaring  the  ratio  of  their  velocities.  Thus,  a  wind 
blowing  at  the  rate  of  60  miles  an  hour  has  a  velocity  three  times  greater 
than  that  of  another  wind  moving  at  the  rate  of  20  miles  an  hour,  and  the 
former  will  exert  a  force  approximately  equal  to  3  x  3=9  times  greater 
than  that  of  the  latter. 

Firessnre  and  Velocity  of  Wind. — The  force  or  pressure  of  wind 
may  be  found  by  the  following  Rule^  deduced  from  the  results  of  recent 
experiments. 

Pressure  of  Wind  in  lbs.  per  square  foot = (velocity  in  feet  per  second)* 
X-OOI7. 

Example :  Required  the  pressure  of  the  wind  in  lbs.  per  square  foot 
when  its  velocity  is  42  feet  per  second. 

Then  42  x  42  x  '0017=3  lbs.  pressure  per  square  foot. 

The  Velocity  of  the  Wind  in  feet  per  second  may  be  found  by  the 
following  Rule : — 

Velocity  of  wind  in  feet  per  second  =    '/P?^»?^  lbs.  pe7square  fo5t: 

V  -0017 

Example :  Required  the  velocity  of  the  wind  in  feet  per  second  when 

its  pressure  is  40  lbs.  per  square  foot,  then  a/-^^  =  154,  the  wind's 

V  '0017 

velocity  in  feet  per   second,  and    its    velocity    in    miles   per   hour  = 

154  feet  per  second  x  60  seconds  x  60  minutes  .,  t        ^ 

-^ 7 ,        --t -— ■  =  105  miles  per  hour,  the 

1760  yards  x  3  feet  ^  ^ 

wind's  velocity. 

A  column  of  water  i  inch  high  exerts  a  pressure  on  the  base  of  5*  196  lbs. 
per  square  foot,  therefore  a  pressure  of  1  lb.  per  square  foot  would  equal 

I  lb.  .     I.     r 

^  ^  »      =  '192  mch  of  water  pressure. 

Table  3  has  been  calculated  by  these  rules.  It  will  be  found  useful  in 
making  calculations  of  the  pressure  of  wind  on  structures ;  the  power  of 
fans  and  blowers,  and  of  natural  draught  and  forced  draught  in  chimneys. 


PRESSURE  AND  VELOCITY  OF  WIND, 


11 


Table  3.—; 

Pressure  and  Velocity 

OF  Wind. 

Wimd-Pressure. 

Wind's  Velocity. 

Description  of  Wind. 

Pressure  in 

Presarein 

Velocity  in 

Velocity  in 

lbs.  per 

Inches  of 

Feet  per 

Miles  per 

Square  Foot. 

Water. 

Second. 

Hour. 

lb. 

Inches. 

^ 

t 

•048 

12-13 

8-27 

Gentle  wind. 

•096 

17-15 

11-69 

Pleasant  wind. 

i 

•144 

21 

14*31 

Fresh  breeze. 

I 

•192 

24*25 

16-53 

Strong  breeze. 

4 

•288 

29-71 

20-02 

'i 

•311 

32-08 

21-87 

Gale. 

2 

•384 

34*30 

2338 

H 

•480 

38*34 

26*14 

Brisk  gale. 

3, 

•577 

42-00 

28-63 

3k 

•672 

45*37 

3093 

Strong  wind. 

4 

769 

49 

33*6o 

5 

•962 

54 

3681 

Moderately  high  wind. 

6 

ri54 

59 

40-22 

High  wind. 

7 

1*347 

64 

4363 

8 

1*539 

69 

47-04 

9 

1 73 1 

73 

49*81 

lO 

1924 

77 

52-50 

Very  high  wind. 

II 

2116 

80 

54*55 

12 

2309 

84 

57*27 

»3 

2*501 

88 

6o*oo 

Storm. 

'4 

2693 

91 

62-04 

»5 

2-886 

94 

64-09 

i6 

3-078 

97 

66-13 

Great  storm. 

17 

3-271 

100 

68-18 

i8 

3-463 

103 

70-22 

»9 

3-655 

106 

72-27 

20 

3-850 

109 

75-26 

Very  great  storm. 

25 

4'8io 

122 

83*18 

Tempest. 

30 

5*772 

133 

90-68 

Hurricane. 

35 

6734 

144 

98*56 

40 

7-696 

154 

105-00 

Great  hurricane. 

45 

8-658 

163 

111-21 

50 

9-620 

172 

ii7'27 

Violent  hurricane. 

55 

10-582 

180 

122-72 

60 

11-544 

188 

128-03 

Very  violent  hurricane. 

65 

12-506 

196 

133-63 

70 

13-468 

203 

138-41 

^5 

14*430 

210 

143-18 

80 

15*392 

217 

«47'95 

Tornado. 

85 

16354 

224 

152-72 

90 

17-316 

230 

156-81 

95 

18-278 

237 

161-59 

100 

19-240 

245 

167-04 
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WIND-MOTORS. 
Wladmillfl  are  efficient  and  economical  motors  for  inlermiltent  work, 
or  where  ibe  nature  of  the  work  admits  of  its  being  suspended  during  a  calm, 
which  seldom  lasts  more  than  two  days 
at  a  lime.  Taking  the  average  of  the 
running  of  windmills  for  a  year,  it  has 
been  found  that  they  may  be  depended 
upon  working  constantly  for  at  least 
one-lhird  of  the  time,  or  8  hours  out  of 
34.  The  a\'erage  velocity  of  the  wind 
being  I J  miles  an  hour. 

Windmills,  shown  in  Fig.  1,  may  be 
applied  lo  working  pumps,  for  supplying 
water  for  domestic  use,  irrigation, drainage, 
compression  of  air,  or  driving  d}'namo 
machines.  They  arc  fitted  with  self- 
adjusling  sails  and  self-winding  tackle 
to  keep  the  mill  always  in  wind,  and 
require  no  attention  except  filling  the  lu- 
bricators, which  are  arranged  to  hold  a 
supply  of  lubricant  to  last  one  or  two 
months. 

The  Lsufftli  of  tit*  Whip,  or  radial 
arms  of  the  sails  of  a  windmill,  depends 
upon  ihe  power,  situation,  and  velocity 
required  ;  the  sails  are  frequently  made 
rectangular,  and  the  length  is  equal  to 
five  times  the  breadth. 
Tli«  Wliip  is  divided  into  seven  equal 
Kg.  i.-WlDdiiiill  parts,  six  of  those   parts,  from  the  ex- 

tremity, being  the  length  of  the  sails. 
The  weather-board,  or  wind-board,  is  equal  to  one-lifth  of  the  sail's 
breadth. 

Th*  Shaft  on  which  the  sails  are  fixed  may  ha\'e  an  angle  \vith  the 
horizon  between  10"  and  15". 

The  Total  amount  of  Sall-SnrfiMe  should  not  exceed  one-fourth  of 
the  whole  disc -surface  described  by  the  whip  or  radial  arms  of  the  sail. 

In  order  to  gain  the  greatest  amount  of  the  wind's  impulsive  effect  to 
produce  circular  motion  by  the  sails  of  a  windmill,  the  total  surface  of  sails 
presented  to  the  wind  should  be  about  seven-eighths  of  the  circle's  surface 
which  is  formed  by  their  motion,  and  each  sail  should  be  angled  to  the 
plane  of  motion  as  follows,  the  whip  or  back  being  divided  into  six  equal 
parts  :~ 

Distance  from  the  centre  of  motion  .123456 
Angle  with  the  plane  of  motion    .     .     24     zi     18     14      9      3 
The  Ror«e-pow«r  of  a  Windmill,  K.  P.,  may  be   found   by  this 
Rule.-- 

H  P   =  fTolal  area  of  sails\        /Velocity  of  the  windy 
V    in  square  feet    /        \  in  feet  per  second  ) 
1,100,000 


WIND-MOTORS. 
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The  total  area,  A,  in  square  feet  of  the  sails  of  a  windmill  may  be  found 
by  this  Rule : — 

Horse-power  x  1,100,000 


A  = 


(wind-velocity  in  feet  per  second)  *. 


Table  4. — Efficiency  of  Windmills  turning  8  Hours  a  Day  at  a  Spk£D 
OF  15  MiLzs  AN  Hour  when  used  for  working  Pumps. 


Dbmeter  of 
Windmia 

Number  of 
Revolutions 
per  Minute. 

Actual 

Hor&e- power 

developed. 

Quantity  of  Water 

raised  daily  to  a 

Height  of  25  Feet. 

Quantity  of  Water 

raised  daily  to  a 

Height  of  50  Feet. 

Quantity  of  Water 

raised  daily  to  a 

Height  of  100  Feet 

Feet 

Gallons. 

Gallons. 

Gallons. 

12 

55 

i 
4 

13500 

6750 

3375 

15 

50 

1 
» 

20000 

lOOOO 

5000 

18 

45 

X 
2 

40000 

20000 

lOOOO 

20 
22 
24 

40 
36 

3; 

4 

I 

li 

lo 

n 

if 

50000 
60000 
80000 

25000 
30000 
40000 

12500 
15000 
20000 

36 

28 
24 

IIOOOO 
160000 

55000 

80000 

27500 
40000 

40 

22 

2 

200000 

lOOOOO 

50000 

1 

The  Fantanemone  or  XTniTersal-Windinillf  shown  at  Fig.  2,  is  a 
recent  continental  invention  in  wind-motors.     Two  plane  surfaces  in  the 
form  of  semi-circles  are  mounted 
at  right  angles  to  each  other  upon 
a  horizontal  shaft,  and  at  an  angle 
of  45°  with  respect  to  the  latter. 

These  motors  it  is  said  work 
satisfactorily  whatever  may  be  the 
direction  of  the  wind.  One  of 
thetn  has  been  working  in  the 
vicinity  of  Poissy  for  several  years, 
where  it  lifts  about  40,000  litres  of 
water  to  a  height  of  20  metres 
every  24  hours,  in  a  wind  of  a 
velocity  of  from  7  to  8  metres  per 
second.  Another  one  raises  about 
150,000  litres  of  water  to  the 
Villejuif  Reservoir  at  a  height  of 
10  metres  every  24  hours,  in  a 
wind  of  a  velocity  of  5  to  6  metres 
per  second. 

ThB  Korse-power,  K.  P.,  of 
tlie  Fantaaemoae  may  be  found 
by  this  Rule : — 


Fig.  2.— Puitanemone. 


U  p  _  /Total  area  of  sails'\ 


V    in  square  feet   )        \  in  feet  per  second  ) 


/Velocity  of  the  wind'^* 


1,200,000 
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The  total  Area,  A»  in  square  feet,  of  the  sails  of  the  PantanemoxK 
may  be  found  by  this  Rule : — 

A  —         Horse-power  x  1,200,000 
^  (wind-velocity  in  feet  per  second)  •. 


WATER  AND  WATER-MOTORS. 


Water  is  composed  of  two  gases,  hydrogen  and  oxygen,  in  the  propo 
tion  of  one  part  of  hydrogen  and  eight  parts  of  oxygen.  Water  dissolv 
more  substances  than  any  other  agent :  it  freezes  at  a  temperature  of  3 
Fahr. 

The  Weight  of  a  eubio  foot  of  Xce  is  from  57-5  to  58  lbs.,  its  specil 
gravity  being  about  '922.  Water  in  freezing  expands  about  ^yh  of  1 
original  volume  as  water,  its  expansive  force  at  the  moment  of  freezii 
being  estimated  at  about  32,000  lbs.  per  square  inch.  A  cubic  foot  of  i 
floating  in  water  has  about  -{^ths  of  its  volume  under  water,  and  -s^th  of 
volume  above  water,  and  a  square  foot  of  ice  of  any  thickness  requires 
weight  equal  to  -rV^h  of  its  v%'eight  to  sink  it  to  the  surface  of  the  wat* 
The  compressive  strength  of  hard  pure  block-ice  is  about  20  tons  p 
square  foot.    The  specific  heat  of  ice  is  '504. 

Snow  weighs  6  lbs.  per  cubic  foot  when  freshly  fallen,  and  avera| 
12  lbs.  per  cubic  foot  when  moderately  saturated  with  rain.  Snow  \ 
12  times  the  bulk  of  water,  and  its  specific  gravity  is  '084. 

The  Standard  Measures  of  water  are  as  follows: — 


The  weight  of  one  cubic  inch  of  pure  water  at  62°  Fahr.  =  252*595  grai 

»  »  »» 

»  >»  » 

)*  >»  9i 

ft  >>  >l 


32°  „  =  •036121b 

391°,,  =  -03612511 

62°  „  =  •036081b 

212''  „  =  •034511b 

The  Weight  of  one  cylindrical  inch  of  pnre  Water  at  62^  Fahr. 
•4533  ounce  or  '02883  lb. 

The  Weight  of  one  cubic  foot  of  pure  Water  at  32^  Fahr.  =62-418  1 
„  „  »  „         39'^"" »    =62-425  1 


„  „  w  ,»         ^2''     „    =62-355  1 

„  „  „  „       212''    „     =59-6401 

The  weight  of  a  cubic  foot  of  water  is  usually  taken  at  62-4  lbs. 
cubic  foot  for  ordinary  calculations. 

A  cubic  foot  of  water  at  the  temperature  of  maximum  density  weii 
998-8  ounces — ^it  is  usually  taken  at  1000  ounces. 

One  Ckdlon  of  pure  Water  at  62°  Fahr.  weighs  10  lbs.,  and  its  volu 
is  277-123  cubic  inches,  or  -160372  cubic  foot. 

The  Vdnme  of  1  lb.  of  pnre  Water  at  32^  Fahr.  =  27-684  cubic  inct 

39'i°  »     =  27*680 
„  „  „  62°     „     =  27-712  „ 

„  „  212^    „     =  28-978  „ 

The  volume  of  one  ton  of  pure  water  =  35*9  cubic  feet 


EXPANSION  OF  WATER  BY  HEAT. 
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The  volume  of  pure  water  at  62°  in  cubic  inches  x  '0036  =  capacity  in 
gallons. 

The  pressure  of  a  column  of  water  i  foot  high  =  — =  -433   lb.,  or 

6*928  ounces,  per  square  inch  pressure. 

The  pressure  of  a  column  of  water  33*947  feet,  or  say  34  feet  high  ass 
the  pressure  of  the  atmosphere,  or  147  lbs. 

The  pressure  of  a  column  of  water  33  947  ^^ — }g_  -.2-309  feet  high,  or 

say  2-31  feet  high=i  lb.  per  square  inch  pressure. 

Expansion  of  Water  by  Keat. — Water  expands  as  the  temperature 
rises  above  the  temperature  of  maximum  density,  39'i*Fahr.,  it  also  expands 
in  nearly  an  equal  ratio,  as  the  temperature  falls  below  this  point,  down  to 
the  freezing  point. 


Table  5. — ^Temperature  and  Volume  of  Water. 


Temperature. 

At    40° 

Fahrenheit, 

its  volume 

I'OOOOO 

"  l^l 

99 

I -00054 

„   65° 

» 

100137 

"  IK 

>> 

1-00255 

„   85^ 

99 

1*00404 

„     95^ 

l» 

1*00583 

„    105° 

»> 

I -00800 

,.    115° 

» 

I'OII2I 

„    125^ 

>J 

1*01275 

„    135' 

»> 

1-01551 

„    145^ 

» 

1-01847 

,.    155^ 

l> 

I-O2162 

„    165" 

y> 

1-02500 

»    175° 

l> 

1-02845 

,»    185^ 

99 

1-03209 

,,    195° 

19 

ro3590 

„    205^ 

» 

1-03984 

„    212° 

>» 

1-04600 

THe  Bvaporation  from  tlia  SnrftuM  of  Water  in  Lakos,  CaaaUi 
and  BiTom  in  this  country  probably  averages  a  total  of  8  inches  in  spring, 
12  inches  in  summer,  7  inches  in  autumn,  and  4  inches  in  winter:  equal  to 
3 1  inches  per  annum.  The  annual  evaporation  in  some  districts  has  been 
found  to  average  75  per  cent,  of  the  annual  rainfall,  and  in  others  it  has 
been  found  to  exceed  the  annual  rainfall. 

Weight  of  Sea-water. — ^The  weight  of  one  cubic  foot  of  sea-water  at 
62°  =  64  lbs. :  35  cubic  feet  of  sea-water  =  i  ton. 

The  weight  of  a  cubic  yard  of  99a-wat^r  =1$  cwt  i  qr.  20  lbs.,  or 
nearly  15^  cwt, 
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The  weight  of  fresh  water  compared  with  that  of  sea*water  is  as 
I  to  1*026,  or  as  39  to  40. 

The  Keaa  Bpeoific  Gravity  of  Sea-water  in  1*026  :  in  the  Black  Sea 
it  is  1-016 :  in  the  Indian  Ocean,  10264  :  in  the  North  Atlantic  Ocean, 
1-0267:  in  the  South  Atlantic  Ocean,  1-0268:  in  the  Red  Sea,  1*0286; 
and  in  the  Mediterranean  Sea  1*029. 

The  Compositioii  of  Average  Sea-water  is  as  follows : — 

Water 966   parts. 

Chloride  of  Sodium 26      „ 

Chloride  of  Magnesia '4      »» 

Sulphate  of  Soda '37     i» 

Carbonate  of  Lime 'oa     ,, 

Sulphate  of  Lime 'oi     ,, 

loo-oo 


Table  6. — Components  op  the  Salts  of  Sea-Water. 


Ingredients. 

PeK  100  PARTS 

OP  Total 
Salts. 

Per  xoo  tarts  op  Halogen 

CALCULATED  AS  ChLORINB. 

Dittmar. 

Dtttmar. 

Forchammer. 

Chlorine   .... 
Bromine       .        .        .     . 
Sulphuric  Acid  (S  O3)      . 
Carbonic  Acid  (CO,).     . 
Lime  (Ca  0)     .        .        . 
Magnesia  (Mg  0)         .     . 
Potash  (K,  0)  . 
Soda  (Na,  0) 
Basic    equivalents    to    the 
Halogens 

Total  Salts    . 

55-292 

•1884 

6*410 

-152 

1-676 

6-209 

i'332 
4r234 

12-493 

99-848 

•3402 

11-576 

•2742 

3-026 

11*212 

2-505 

74-464 

Not  determined. 

ir88 
Not  determined. 

2'93 
1 1  -03 

193 
Not  determined. 

100 

180-584 

i8ri 

The  mean  quantity  of  solid  substances — chiefly  salt — ^held  in  solution 
by  sea-w  iter  is  3-4  per  cent.,  three-fourths  of  which  is  common  salt. 

The  Quantity  of  Salt  in  Sea-water  varies  in  di£Ferent  seas.  The 
waters  of  the  White  Sea,  the  Baltic  Sea,  and  the  Polar  Seas  contain  very 
little  salt,  but  the  Red  Sea  contains  a  large  quantity  of  salt.  The  Red 
Sea  contains  4*32  per  cent,  of  salt:  the  BaJtic  Sea,  5  per  cent. :  and  the 
sea  at  Cronstadt  contains  2  per  cent,  of  salt. 

The  Zee  of  Sea-water  contains  no  salt,  because  water  in  freezing 
parts  with  all  its  impurities. 

Ordinary  Sea^water  contains  ^  part  of  its  weight  of  salt,  called 
I  degree  of  saltne89« 


Soiling  Points  ot  sea-water* 


i; 


thB  weight  of  Bait  in  a  Oalloii  of  Soa-wator  may  be  ascertained 

as  follows :    If  thirty-three  pounds  weight  of  sea-water  be  evaporated^  it 

will  leave  one  lb.  of  salt  or  ^rd  of  its  weight.    One  gallon  of  sea-water 

weighs  lo}^  lbs.,  ^rd  part  of  which  is  salt,  therefore  the  quantity  of  salt 

^  .     J  .               11      •    io'2^  lbs.  X  i6  ounces 
contained  m  one  gallon  is  2 =  4'q7  ounces,  or  in 

33 
round  numbers  5  ounces  of  salt  per  gallon  of  sea-water. 

Sea-water  Boils  at  31 3^*2  Fahr.  under  the  pressure  of  one  atmosphere, 
or  when  the  mercury  in  the  weather-barometer  stands  at  30  inches.  The 
boiling  point  of  sea-water  varies  yriih  the  quantity  of  salt  held  in  solution, 
and  rises  in  proportion  to  its  concentration  as  brine ;  it  also  varies  with  the 
rise  and  fall  of  the  weather-barometer. 

Saturated  Brine  boils  under  the  pressure  of  one  atmosphere  at 
226°-4  Fahr. 

The  point  of  Saturation  of  ordinacy  Sea-water  is  \l  of  its  weight, 
when  the  water  is  so  full  of  salt  that  it  will  hold  no  more,  and  it  is 
therefore  rapidly  precipitated. 

The  Boiling  Point  of  Sea-water  may  be  calculated  from  its  density 
as  follows :  It  is  found  that  -^rd  part  of  salt  increases  the  boiling  point  to 
the  extent  of  i°'2  Fahr. ;  the  boiling  point  of  fresh  water  being  212  Fahr., 
that  of  ordinary  sea-water  will  equal  212°  +  1^*2  =  2i3°'2  Fahr.  at 
atmospheric  pressure,  or  when  the  weather-barometer  stands  at  30  inches. 
The  following  Table  has  been  calculated  in  this  way,  each  degree  of  salt 
representing  5  ounces  of  salt  per  gallon  of  sea-water. 


Table  7. — ^Boiling  Points  of  Sea-water  of  various  Densities  under 

ONE  atmosphere  OF   PRESSURE. 


PiitofSalt 

Degrees  of  SalL 

'"Ounces  of 
Salt  per 
Galloo. 

Boiling  Point 

in  Degrees 

Fahr. 

A 

or 

I    degree  of  Salt  or  • 

5, 

2I3°-2 

if 

» 

ij      „         ,,              •        •    • 

7k 

2i3°-9 

s 

2        »         >,          •        •        • 

10 

"1 

2I4''*4 
2I5°-I 

99 
*9 
99 

3  »         >»          •        .        . 
oa       i»          99              •         .     . 

4  >•          >j           •         •         . 

20 

2i5°-6 
2i6°-3 
2i6°-8 

4 

6 

it 

42        »           »                 ... 
5         »>           >»            •         .         • 

Z2\ 
25 

2i7°-5 
218° 

A 

» 

6        „         „              ... 

30 

2I9°-2 

tV 

99 

7        »         i>          ... 

35 

220°-4 

ft 

99 

8        „         „              ... 

40 

221^-6 

0 

» 

9        »»         >»          ... 

45 

222°-8 

10 

9> 

10        „         „              ... 

50 

224° 

11  „         „          ... 

12  Saturated  brine         .        .    . 

55 
60 

225°-2 

226°-4 
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The  above  Table  gives  the  boiling  points  when  the  mercury  in  the 
weather  barometer  stands  at  30  inches  or  atmospheric  pressure,  and  in 
using  the  Table  an  allowance  must  be  made  when  the  barometer  stands 
above  or  below  that  point.  As  i  degree  of  salt  increases  the  boiling  point 
to  the  extent  of  i'2,  it  will  be  sufficiently  near  in  most  cases  to  deduct  two- 
thirds  of  1*2  or  *8  from  the  boiling  point  for  every  ^  inch  the  barometer 
registers  below  30  inches,  or  to  add  the  same  for  every  ^  inch  the  mercury 
stands  above  30  inches. 

Example :  The  boiling  point  given  in  the  Table  is  215' i  for  2^  degrees 
of  salt  when  the  barometer  stands  at  30  inches,  reauired  the  boiling  {>oint 
when  the  barometer  stands  at  30^  inches,  or  %  inch  higher.  Then 
215*1  +  8  =  215-9,  the  hoiling  point  of  water  containing  2^  degrees  of 
salt  when  the  mercury  in  the  barometer  stands  at  30^  inches. 


DENSITY  OF  SEA-WATER.    SALINOMETERS.    BLOWING-OFF. 

Tlie  Working  Density  or  Saltness  of  Water,  when  sea-water  is  used 
in  marine  boilers,  is  from  i^  to  2  degrees  of  saltness,  or  from  -^  to  -rs^ds 
its  weight  of  salt :  the  maximum  density  seldom  exceeds  -^rds. 

A  Boiler  is  said  to  be  Salted  when  there  is  an  accumulation  of 
salt  on  the  tubes  and  heating  surface.  Four  degrees  of  saltness,  or  -g^rds, 
deposits  salt  rapidly.  Salting  is  prevented  by  scumming  and  by  frequently 
and  regularly  blowing  off  a  portion  of  the  boiler-water. 

Scnm-Cocks. — The  salt  and  dirt  floating  on  the  surface  of  the  water  in  a 
marine-boiler  can  be  blown  into  the  sea  by  means  of  the  scum-cocks. 
These  cocks  are  fixed  on  the  shell  of  the  boiler,  and  are  connected  to  a 
cock  fixed  on  the  ship's  side  by  a  pipe.  From  each  scum-cock  a  pipe  is 
carried  inside  the  boiler,  having  a  dished  end  placed  a  little  below  the 
working  level  of  the  boiler,  which  collects  the  refuse  from  the  surface  of 
the  water.  The  scum-cocks  are  used  whenever  the  surface  of  the  watei 
is  considered  to  be  dirty,  or  when  the  limit  of  density  is  reached.  They 
must  be  shut  before  the  water  level  has  fallen  too  low.  Neglect  of  the 
cocks  leads  to  their  sticking  fast,  and  renders  the  boiler  liable  to  become 
salted  and  the  tubes  to  become  burnt. 

A  Kydrometer  or  Salinometer  is  an  instrument  for  measuring  the 
density  or  degree  of  saturation  of  the  water  when  sea-water  is  used  in  a 
marine-boiler.  It  consists  of  a  bulb  of  glass  or  metal  having  a  graduated 
stem  at  the  top,  and  a  stem  at  the  bottom  filled  with  mercury  to  make  the 
instrument  swim  upright.  It  acts  by  sinking  into  the  water  more  or  less 
according  to  the  degree  of  saltness  of  the  water,  the  Salter  the  water  the 
less  will  it  sink.  The  salinometer  is  graduated  into  33rds,  representing  5 
ounces  of  salt  per  gallon  of  water.  To  graduate  the  stem,  the  zero  point 
is  marked  at  which  the  instrument  floats  in  fresh  water,  it  is  also  marked  at 
the  level  at  which  it  floats  in  sea-water  of  the  average  degree  of  saltness. 
The  space  between  these  two  fixed  points  is  divided  into  ten  parts  or 
degrees  of  the  salinometer,  and  the  graduations  are  extended  to  35°. 
Every  10°  represents  -^rd  of  saltness ;  10°  represents  the  density  of  sea- 
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water:  is"'  =  ij  the  density:  20°  =  twice  the  density:  25°  =  2 J  tirneg 
the  density,  and  30°  =  three  times  the  density  of  sea-water. 

A  Hydrometer  or  Salinometer  cannot  be  used  at  any  temperature 
indiscriminately,  because  it  is  graduated  for  a  fixed  temperature,  and  it 
should  only  be  used  in  water  of  the  temperature  for  which  it  was  marked ; 
the. ef ore  it  is  necessary  to  test  the  water  with  a  thermometer  before  using 
the  instrument,  when  accuracy  is  required.  Hydrometers  or  Salinometers 
are  usually  marked  to  suit  a  temperature  of  200°  Fahr.,  this  being  about 
the  temperature  of  the  boiler-water  immediately  after  being  drawn  off  for 
testing;  therefore  it  is  only  necessary  to  use  a  thermometer  with  the 
instrument  when  great  accuracy  is  required.  To  test  the  boiler-water  in 
the  absence  of  a  salinometer,  draw  off  and  boil  a  small  quantity  of  the 
water,  and  test  it  with  a  thermometer  to  ascertain  its  boiling  point  in  the 
open  air,  from  which  the  degree  of  saltness  corresponding  to  its  boiling 
point  may  be  ascertained  from  Table  7. 

Blowing-olf  is  practised  in  marine  boilers  which  are  fed  with  sea-water, 
to  prevent  the  degree  of  saltness  of  the  water  exceeding  a  particular  density, 
the  supersalted  water  being  got  rid  of  by  blowing  off  a  portion  of  the 
boiler-water  into  the  sea,  which  is  replaced  with  sea-water  of  ordinary 
density. 

The  Quantity  of  Feed-Water  required  when  blowing-off  is  practised, 
is  equal  to  the  sum  of  the  quantity  of  water  evaporated  to  steam  and  the 
quantity  blown  off. 

The  Quantity  to  be  Blown  Off  to  maintain  a  constant  density,  may  be 
found  by  dividing  the  number  of  cubic  feet  of  feed-water  by  the  number  of 
degrees  of  saltness. 

Example :  A  marine  boiler  is  to  be  kept  at  two  degrees  of  saltness.  How 
much  water  must  be  blown  off  ?  Then  if  i  =  the  quantity  of  feed- water, 
I  -5-  2  =  -5,  or  one-half  the  quantity  of  feed-water  must  be  blown  off  to 
prevent  the  degree  of  saltness  rising  above  -^^  or  10  ounces  per  gallon. 

The  Quanldty  to  be  Blown  OfP  may  be  calculated  from  the  water 
evaporated,  by  this  Rule:  Subtract  i  from  the  number  of  degrees  of 
saltness,  and  by  the  remainder  divide  the  quantity  of  water  evaporated. 

Example:  If  1200  gallons  of  water  be  evaporated  to  steam,  what 
quantity  of  brine  must  be  blown  off,  that  the  water  in  the  boiler  may  be 

maintained  at  ^,  or  three  degrees  of  saltness.    Then  ^^^  =  600  gallons 

must  be  blown  off. 

The  Quantity  of  Water  Sraporated  may  be  calculated  from  the 
quantity  blown  off,  by  this  Rule :  Subtract  i  from  the  number  of  degrees  of 
saltness,  and  multiply  the  remainder  by  the  quantity  of  water  blown  off. 
Example :  If  600  gallons  be  blown  off,  what  number  of  gallons  have  been 
evaporated  to  steam,  the  water  in  the  boiler  being  maintained  at  /j,  or 
three  degrees  of  saltness? 

Then  3—1=2  x  600  =  1200  gallons,  the  quantity  of  water  evaporated. 

The  Quantity  of  Water  Blown  Off  maybe  calculated  from  the  weight 
of  salt  per  gallon,  by  this  Rule :  Divide  the  number  of  ounces  of  salt  per 
gallon  of  feed-water  by  the  number  of  ounces  per  gallon  of  boiler-water, 
and  the  quotient  will  give  the  proportion  of  feed-water  to  be  blown  off. 
Example  i :  The  feed-water  contains  4*2  ounces  of  salt  per  gallon,  and 

c  3 
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the  water  in  the  boiler  contains  1 2  ounces  of  salt  per  gallon.    What  pro- 
portion of  the  quantity  of  the  feed-water  should  be  continuously  blown  off  ? 

Then   4-1  ounces  of  salt  per  gallon  of  feed-water  ^        ^^  ^^^1^  ^^^^ 
1 2  ounces  of  salt  per  gallon  of  boiler-water 
than  one-third  of  the  feed-water  should  be  blown  off. 

Example  2  :  If  the  feed-water  from  a  surface  condenser  has  only  a 
trace  of  salt,  say  '04  ounce  per  gallon,  and  it  is  required  to  work  the 
boiler  at  '8  ounce  of  salt  per  gallon,  what  percentage  of  the  feed-water 
must  be  blown  off  after  the  water  in  the  boiler  has  reached  this  degree  of 
saltness  ? 

The      100  X  'Q4  ounce  of  salt  per  gallon  of  feed-water  __  . 

•8  ounce  of  salt  per  gallon  of  boiler- water 

The  Saltness  of  the  Water  in  the  boiler  may  be  calculated  from  the 
weight  of  salt  per  gallon  of  feed-water,  by  this  RuU :  Divide  the  number  of 
ounces  of  salt  per  gallon  of  feed-water  by  the  fraction  of  the  feed  con- 
tinuously blown  off,  the  quotient  will  be  the  number  of  ounces  of  salt  per 
gallon  of  the  water  in  the  boiler. 

Example :  The  feed-water  contains  4*2  ounces  of  salt  per  gallon,  and 
'35  of  the  feed  is  continuously  blown  off.  What  quantity  of  salt  does  the 
water  in  the  boiler  contain  ? 

Then   4-2  ounces  of  salt  per  gallon  of  feed^atCT^  ^^  ^^^^  ^j  ^^j^ 
'35  proportion  of  feed-water  blown  off 
per  gallon  contained  in  the  water  of  the  boiler. 

The  Saltness  of  the  Feed-water  may  be  calculated  from  the  quantity 
of  salt  in  the  boiler- water,  and  the  quantity  of  feed-water  blown  off,  by  this 
Rule :  Multiply  the  quantity  of  salt  in  ounces  per  gallon  of  water  in  the 
boiler,  by  the  proportion  of  feed-water  blown  off.  The  product  will  be  the 
quantity  of  salt  in  ounces  per  gallon  of  feed  water.  Example:  If  the 
water  in  the  boiler  contains  9  ounces  of  salt  per  gallon,  and  one-eighth 
of  the  feed-water  is  continuously  blown  off,  what  quantity  of  salt  is  contained  ' 

in  the  feed-water  ? 

Then  9  ounces  per  gallon  of  boiler-water  x  '125  blow-off  =  i'i25  ounces 
of  salt  per  gallon,  is  contained  in  the  feed-water.  I 

It  may  also  be  ascertained  as  follows : —  I 

i:9::'i25  =  i'i25  ounces  per  gallon  of  feed-water.  f 

The  pressure  of  Steam  required  to  expel  the  Brine  at  a  depth  below  ; 

the  surface  of  the  sea,  may  be  ascertained  as  follows : — A  pressure  of  i  lb. 

per  square  inch  is  equal  to  a  column  of  sea-water  =  | 

2*31  height  of  a  column  of  freshwater         .^.x*u'u*./:ot?u 

-^ ^ rn r- — ? =  2'25i  feet  hiffh  at  62    Fahr., 

I '020  specific  gravity  of  sea-water 

hence  the  Rule: — Divide  the  depth  in  feet  of  the  level  of  the  water  in  the 
boiler,  below  the  surface  of  the  sea,  by  2*2 51,  the  quotient  will  be  the  force 
or  pressure  in  pounds  per  square  inch  required  to  expel  the  brine.  It  may 
also  be  ascertained  as  follows:  the  pressure  of  the  atmosphere=i4'7  lbs* 
being  balanced  by  a  column  of  sea-water  = 

34  feet  height  of  a  column  of  fresh  water  _  o  f      k-  u 

1-026  specific  gravity  of  sea-water         ""33  ^3°  *c^t  tiign. 
As  33*128  feet ;  depth  in  feet  below  sea-surface  :  :  147  lbs.  =  the  pres- 
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sure  of  the  water  in  lbs.  per  square  inch ;  and  pressure  of  water  +  14*7  = 
the  total  pressure  at  the  given  depth. 

Example  1  :  What  pressure  of  steam  is  required  to  expel  the  brine, 
the  level  of  the  water  in  a  marine  boiler  being  1 2  feet  below  the  surface  of 
the  sea  1 

Then  12  -f-  2251  =  5*33  lbs.  pressure,  or  as  33138  :  12  :  :  147  = 
5*32  lbs,  pressure. 

Example  2 :  What  pressure  of  steam  is  required  to  expel  the  brine 
from  a  marine  boiler  having  its  water-level  1 1  feet  below  the  'Surface  of  the 
sea,  the  pressure  of  steam  being  25  lbs.  per  square  inch  ? 

Then  =  4*88  lbs.  pressure  of  water,  and  488  +  147  =  19*58  lbs. 

total  pressure  at  11  feet,  and  the  force  available  to  expel  the  brine  is 
25— 19'58=5'42  lbs.  per  square  inch. 

The  JaOMB  of  Fnel  and  Keat  "by  Blowing-olf  may  be  found  as 
follows : — 

Let  N  =  the  number  of  times  the  density  of  the  boiler-water  is  greater 
than  that  of  the  feed-water. 
„    T  =  the  temperature  of  the  water  in  the  boiler  in  degrees  Fahr. 
„    t  =  the  temperature  of  the  feed-water  in  degrees  Fahr. 
Then,  the  loss  per  cent,  of  the  fuel  used= 

T-t    

(N-i)  (iii5--;^^rr-t)+(T-t). 

The  loss  per  cent,  of  the  total  heat  in  the  boiler = 

looxT— t 


{N~i)(iii5--3xT-t)  +  (ff-t). 

Example:  The  density  of  the  water  in  a  marine  boiler  is  i'8  times 
greater  than  that  of  the  feed-water,  the  temperature  of  the  boiler-water  is 
245^  Fahr.,  and  that  of  the  feed-water  45°  Fahr.  Required  the  loss  per 
cent,  of  the  fuel  used  by  blowing  off,  and  also  the  loss  per  cent,  of  the 
total  heat  in  the  boiler  ? 

Then—— — ^^^^"^^  —^ -=i-8— 1=-8,    and 

(r8-i)     (1115  +*3X245-45)4-(245-45) 
245  X  •3;=73'5+  "i5  =  "88-5-45  =  iM3'5X'8  =  9H-8  +  (245-45)  = 

1114-8  and  245—45=200,  then ='178,  the  loss  per  cent,  of  the  fuel 

1 1 14*0 

used. 

The  loss  per  cent,  of  the  total  heat  in  tl  e  boiler  will  be 

^ ^?—A3 — ^ =178  per  cent,  of  heat  lost  by 

(i-8-i)(iii5°-;--3X245-45)  +  245-45 
blowing  off. 

Tlie  Xkmm  of  Fuel  and  Keat  "by  Blowing-oif  may  also  be  found  as 
follows : — 

Let  B  =  the  number  of  cubic  feet  of  water  blown  off  every  3  hours. 
„  E  =  the  number  of  cubic  feet  of  water  evaporated  every  3  hours, 
„  T°  =  the  temperature  of  the  water  in  the  boiler  in  degrees  Fahr. 
„  f  =  the  temperature  of  the  feed-water  in  degrees  Fjdir. 
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The  number  of  cubic  feet  of  water  entering;  the  boiler  every  3  honrs 
will  equal  B  -f  E.  

The  total  units  of  heat  in  steam  of  212°  Fahr.  =  111 5^-1-  -3  x  212  = 
1115^  -f  63-6  =  1178*6  units  total  heat.  To  evaporate  E  cubic  feet  of 
water  to  steam  will  require  (ii78-6--t®)  E  units  of  heat. 

To  boil  the  B  feet  of  water  blown  off  will  require  (T^— 1°)  B  units  of 
heat. 

The  total  loss  will  be  (T°-t°)  B. 

The  total  quantity  of  heat  used  will  be  (ii78-6-t°)  E  +  (T'-f^  B, 
as  out  of  (ii78-6-t°)  E-f  (T°-t°)  B  there  is  lost  (T°-t°)  B. 

The  loss  of  heat  by  blo^ving^ff  =  (,,^8.6iy^(V,,o^^j3  ^ 

The  loss  per  cent,  of  the  total  heat  in  the  boiler = , -J  ??  (1-Zl^)^_^ — 

^  (1178-6—1'')  E-f  (T°— t*")  B 

Example:  A  marine  boiler  is  blown  out  every  hour:  140  gallons  beings 
expelled  each  time,  and  420  gallons  are  evaporated  in  the  same  time. 
The  temperature  of  the  water  in  the  boiler  is  242®'8  Fahr.,  and  that  of  the 
feed-water  is  42®'8  Fahr.  Required  the  loss  per  cent,  of  the  total  heat  in 
the  boiler  ? 

Then  140  gallons  blown  off  per  hour  equal  140  x  3  =  420  gallons,  or 
420  -f-  6*25  =  67*2  cubic  feet  of  water  blown  off  every  3  hours.  420  gallons 
of  water  evaporated  per  hour  =  4 20  x  3  =  12 60  gallons,  or  1260  -^  6*25 
=  201 '6  cubic  feet  of  water  evaporated  every  3  hours. 

rp,        100 X  (242°-8-~42°'8)  x  67-2 ^ 

(ii78°-6-42°-8)X2or6-h(242"-8-42°-8)x67-2'~"7  ^^""^^'^= 
1 135-8 X2or6=228,977-28-f(242-8-42"8)x 67-2=242,417.28  units,  the 
loss  of  heat  by  blowing-dlf :  and  100  x  (242-8— 42-8)  x  67-2  =  100  x  200  x 

67-2  =  1,344,000, then   '»344iOQo_,g.g^  p^r  cent,  of  the  total.  V»eat  in  the 

242,417*20 

boiler  lost  by  blowing  off. 

When  the  temperatures  are  expressed  in  degrees  Centigrade,  the  same 
rule  can  be  used  as  the  last,  by  changing  the  constant  1178-6  Fahr.  in  the 
last  rule,  to  6372  C,  that  being  the  number  of  units  of  heat  in  i  lb.  of 
steam  at  100°  C,  or  212°  Fahr. 

The  Density  of  the  Water  in  the  Boiler  may  be  calculated  from  the 
quantity  blown  off  by  the  following  JRule:  where  L=loss  per  cent,  of  the 
fuel  used. 

The  density  of  the  boiler-water  above  that  of  the  feed= 

+  1. 


L(iii5-f-3T-l) 


Example:  If  the  loss  by  blowing  off  is  equal  to  ^th— or  -121,' — of  the 
fuel  used,  the  temperature  of  the  steam  being  248°  Fahr.,  and  that  of  the 
feed-water  108°  Fahr.,  at  what  density  should  the  boiler-water  be  main- 
tained above  that  of  the  feed-water  ? 

248—108 

"T  *• 


•i25(iii5  +  -3xT-t) 
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Then   S48x-3  =  74'4.  and   iii5  +  74'4=ii89-4— io8=io8i-4X*iz5= 

'IS175;    and    248°— io8°:=i40,   ihen —  =  t'4+i  =  2'4,theamouiit 

«    /3.  '*  135175 

lb«  densi^  of  the  boiler-water  should  exceed  that  of  the  feed-water. 


MEASUREMENT    OF    FLOWING   WATER. 

The  Heiglit  of  the  Fall  should  be  measared  from  the  level  of  the 
irater  in  the  head-race  to  the  level  of  the  water  in  the  tail-race. 
MssrarAnmt  of   Flowing  Water  by  a    Hotohad-Boavd. — The 

<]uantity  of  water  in  a  stream,  available  for  driving  a  turbine,  may  be 
measured  by  means  of  a  notched  board  as  shown  in  Fig.  3,  with  which 
proceed  as  follows  ; — 


Tlf.  3.— Tiolched-boud  for  jDeuurinf  Aovfn£  waier. 

Place  a  board  across  the  stream  at  a  point  where  the  water  flows  very 
slowly ;  cue  a  notch  in  the  board  sufficient  in  depth  to  pass  all  the  water  to 
be  measured,  and  not  more  than  two-thirds  of  the  width  of  the  stream  in 
length.  The  edges  of  the  notch  on  the  bottom  and  sides  must  be 
bevelled  to  almost  a  sharp  edge  towards  the  downstream  side  as  shown, 
and  the  surface  of  the  water  below  the  notch  should  not  be  less  than  one 
foot.  About  3  feet  behind  the  notch  drive  a  slake  into  the  bottom  of  the 
water-course,  the  top  of  the  stake  being  level  with  the  notch.  When  the 
water  has  reached  its  greatest  depth,  measure  the  depth,  marked  A  in 
figure  3,  from  the  surface  to  the  top  of  the  stake,  by  a  thin-edged  rule. 
The  following  Table  will  show  the  quantity  of  water  in  cubic  feet  per 
minute  for  weira  from  one  inch  to  twenty-five  inches  in  depth.  The 
number  in  the  Table  corresponding  to  the  depth  h  when  multiplied  by  the 
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length  of  the  notch  in  inches,  will  give  the  quantity  of  water  in  cubic  feet 
per  minute.  For  instance,  if  the  depth  of  the  notch  be  5  inches  and  its 
length  40  inches,  the  multiplier  given  in  Table  8  is  4-5  ;  and  the  quantity 
of  water  delivered  in  cubic  feet  per  minute  is  =  45  x  40  =  180  cubic  feet. 


Table  8. — Multipliers  for  finding  the  Quantity  of  Water  Flowing 

OVER  A  Notched-board  or  Weir. 


Depth  of 
Weir 

Depth  of 

Depth  of 
Weir 

Depth  of 
Weir 

Multiplier. 

Weir 

Multiplier. 

Multiplier. 

Multiplier. 

(/'). 

(A). 

ih). 

(AX 

I 

•40 

7  a 

784 

'3? 
13! 

19-42 

.9t 

I9A 

33*94 

!« 

■55 

8-25 

19-97 

34-60 

74 

7l 

8-66 

20*52 

192 

35'27 

>i 

•93 

8 

9'io 

•4 

21-09 

20 

35*94 

2 

114 

8| 

Q-52 

*4a 

21*65 

20|- 

20  5 

36*60 

1-36 

996 

22*22 

37*28 

159 

H 

10-40 

ui 

22*79 

20J 

37*96 

2f 

1-83 

9, 

IO-86 

'5, 

2338 

21 

38*65 

3, 

2*09 

9t 

95 

1131 

:; 

23*97 

21J 

39*34 

1 

3a 

236 

1177 

2456 

40*04 

2-63 

9i 

1223 

5* 

25*16 

21J 

4073 

3i 

2-92 

10 

1271 

16 

25*76 

22 

41*43 

4 

3*22 

lOl 

1319 

lb\ 

26*36 

4213 

4  a 

352 

10^ 

1367 

i6i 

26*97 

42-84 

383 

lOf 

14*16 

i6i 

27-58 

"i 

43*56 

4f 

4-16 

II 

14-67 

17 

28*20 

23 

44*28 

5, 

4-50 

15-18 

:5 

*/2 

28*82 

23i 
23i 

45-00 

i 

4-84 

15-67 

29*45 

45*71 

5-18 

I  If 

16*20 

'2^ 

30-08 

23f 

4643 

5f 

5*54 

12 

1673 

18 

30*70 

24 

47'i8 

6 

5-90 

"1 
125 

i7'26 

i8| 
i8| 

31*34 

2,\ 

47*91 

6i 

629 

1778 

31*98 

48-65 

6i 

665 

I2i 

18-32 

i8i 

3263 

24J 

49*39 

6f 

7-05 

»3 

18-87 

19 

3329 

25 

50*13 

7 

7*44 

• 

Measurement  of  Flowing-water  by  the  Velocity  of  the  Water 
and  Bections  of  the  Stream. — Choose  a  length  of  the  stream,  say  about 
50  or  100  feet,  along  which  the  section  is  as  uniform  as  possible,  and  find 
the  area  of  the  section  by  multiplying  the  width  by  the  average  depth.  It 
Is  advisable  to  take  several  sections  in  the  chosen  length,  from  which  to 
find  the  average  section. 

A  stake  should  be  fixed  at  each  end  of  the  measured  length,  and  a  float, 
consisting  of  a  bottle,  cork,  or  piece  of  wood,  must  be  thrown  into  the 
middle  of  the  stream  a  little  above  the  first  stake,  and  the  time  noted 
which  it  takes  to  pass  from  the  one  stake  to  the  other.    This  should  be 
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several  limes  repeated,  and  the  average  time  taken,  so  as  to  get  a  more 
accurate  result. 

From  these  data  the  quantity  of  water  passing  can  be  found,  as  illus- 
trated in  the  following  example :  The  sectional  area  of  a  stream  is  20  square 
feet,  and  a  float  passes  over  a  measured  length  of  90  feet  in  36  seconds. 
To  find  the  quantity  of  water  passing,  multiply  the  area  of  the  stream  by 
the  measured  length,  and  also  by  60,  and  divide  the  product  by  the  time 
in  seconds  taken  by  the  float  in  passing  over  the  chosen  length.  Thus,  20  x  90 
X  60 -=-36 =3000  cubic  feet  per  minute.  From  this  a  deduction  (amounting 
to  about  20  per  cent,  for  earthen  banks)  must  be  made  to  allow  for  loss 
of  velocity  at  the  sides  and  bottom  through  friction.  In  the  above  example, 
20  per  cent,  of  3000  is  equal  to  600,  and  the  true  quantity  passing  will  be 
3000—600=2,400  cubic  feet  per  minute. 

Measurement  of  Flowing-water  by  Discharge  throngh  an  Orifice. 
— ^This  method  may  often  be  used  in  situations  where  a  sluice  already 
exists. 

The  sluice  must  be  raised,  so  that  all  the  water  coming  down  just 
passes  through,  and  the  length  and  depth  of  the  opening  carefully 
measured,  together  with  the  depth  from  the  surface  of  the  water  in  the 
head-race  to  the  centre  of  the  orifice,  and  from  these  data  the  quantity  of 
water  may  be  calculated  by  the  following  rule  for  the  discharge  through  an 
orifice  under  a  given  head.  Rule:  Multiply  the  area  of  the  aperture  in 
square  feet  by  the  square  root  of  the  head  in  feet  and  by  5*1,  the  product 
will  be  the  quantity  discharged  in  cubic  feet  per  second. 

Example :  Required  the  quantity  of  water  in  cubic  feet  per  second  dis- 
charged through  an  orifice  or  sluice,  1 5  inches  wide  and  i  foot  6  inches 
high,  the  head,  or  depth  from  the  surface  of  the  water  in  the  head-race  to 

the  centre  of  the  orifice,  being  16  feet.    Then  a/  16=4  and  1*25  foot 

wide X  1*5  foot  highx4X5'i=38-25  cubic  feet  of  water  discharged  per 

second.      The  velocity  of   the  water    is  a/  16=4x5-1  =  20*4  feet  per 

second. 

Tlie  Driving  Power  of  Flowing-water  being  gravity,  the  power  of 
a  stream  of  water  depends  upon  the  height  of  the  fall  and  the  quantity  of 
water  flowing  per  minute.  The  theoretical  horse-power  of  a  stream  of 
water  may  be  found  by  this  Rule : — 

Theoretical  horse-power  of  stream = 

cubic  feet  of  water  falling  per  minute  x  62*5  lbs.  x  fall  in  feet. 

33000 

A  deduction  of  25  per  cent,  must  be  made  from  the  result  obtained  by 
this  rule  to  allow  for  the  power  absorbed  by  friction  and  for  leakage,  the 
remainder  will  be  the  actual  power  which  should  be  developed  by  a  good 
water-motor. 

Example :  Required  the  horse-power  of  a  stream  of  water,  passing 
1600  cubic  feet  of  water  per  minute  over  a  fall  of  33  feet,  the  height  being 
measured  from  the  level  of  the  water  in  the  head-race  to  the  level  of  the 
water  in  the  tail-race. 
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Then, 

1600  cubic  feet  x  62*5  lbs.  x  33  feet  height  of  fall 

2 — ^ — ^ 2 — 100  horse-power; 

33000  lbs.  ^         ' 

the  theoretical  power  of  the  stream  and  100x75=75  horse-power    the 

actual  power  which  should  be  obtained  from  the    stream   by  a  good 

water-motor. 


WATER-MOTORS. 


A  Turbine,  when  correctly  designed  and  constructed,  is  the  best  and 
most  efficient  motor  for  the  utilization  of  water  power.  The  chief  types  of 
turbines  and  their  modes  of  action  may  be  briefly  described  as  follows : — 

Classes  of  Turbines. — There  are  two  classes  of  turbines,  called 
respectively  Pressure  and  Impulse  turbines,  the  difference  between  them 
being  that  whereas  in  the  former  the  water  acts  in  part  by  impulse  and  in 
part  by  pressure,  in  the  latter  the  water  acts  entirely  by  its  impulse. 

Whil^law's  Se-Action  Wheel  is  the  simplest  form  of  turbine.  It 
has  two  arms  formed  in  the  shape  of  an  Archimedean  spiral,  like  Figs.  4 
and  5.  The  water  is  supplied  from  the  underside  of  the  wheel,  as  shown 
in  Fig.  5,  through  the  centre  of  the  arms,  and  flows  horizontally  outwards 


Hgi.  4  and  5.— Whitdaw's  re-oction  wheeL 

through  the  arms  towards  the  periphery,  and  leaves  the  motor  in  a  direction 
tangential  and  opposite  to  the  direction  of  rotation.  The  water  acts  by 
re-action,  and  the  most  efficient  speed  of  the  wheel,  at  the  discharging 
orifices  at  the  extremity  of  the  arms,  is  equal  to  the  velocity  due  to  the 
height  of  the  fall.  When  the  wheel  is  running  at  this  speed  there  is  a  loss 
of  efficiency  of  at  least  16  per  cent,  arising  from  the  backward  velocity 
of  the  water  as  it  leaves  the  wheel.  The  horse-power  of  this  turbine  may 
be  found  by  the  following  i?«/^.'  Multiply  the  effective  quantity  of  the  water 
flowing  through  the  wheel  in  cubic  feet  per  minute  by  the  height  of  the  fall 
in  feet  and  divide  the  product  by  700. 

Example :  Required  the  horse-power  of  a  Whitelaw-turbine,  produced  by 
1000  cubic  feet  of  water  with  a  fall  of  21  feet. 

Tu^«  1000  cubic  feet  x  21  feet  fall 

1  nen ~— =  ^o  horse  power. 


EFFICIENCY  AND  VELOCITY  OF  TURBINES.  2/ 

The  following  are  the  rules  for  proportioning  this  turbine,  with  two  pro- 
perly formed  jets : — 

Width  of  each  discharging  orifice  W. 


w_      /135  X  number  of  horse-power, 
'v  I0CX5  H  yH 

Where  H=the  height  of  the  fall  or  head  of  waten 
Width  of  each  arm=4  W. 
Diameter  of  machines  50  W. 
Diameter  of  central  openings  10  W. 

Number  of  revolutions  per  minute  =  tv r    "t.t r^ — • 

^  '^  Diameter  of  the  machme 

The  efficiency  of  this  turbine  in  practice  seldom  exceeds  55  per  cent. 
It  is  seldom  used  now  on  account  of  its  low  efficiency,  imperfect  regulation 
and  unstable  speed,  and  it  has  been  superseded  by  more  efficient  motors. 

CanMs  of  Loss  of  SAclency  of  Turbines. — No  turbine,  however 
good  and  perfect  in  its  action,  can  utilize  all  the  power  in  a  stream  of 
falling  water,  as  there  are  various  losses  of  efficiency  common,  in  a  greater 
or  less  degree,  to  every  turbine.  These  losses  of  efficiency  arise  from : — 
(i.)  Shocks  and  collisions  due  to  changes  of  section  and  curvature,  and 
collision  of  the  water  on  the  tips  of  the  guide  and  wheel-vanes.  In  a  good 
turbine  the  changes  of  section  and  curvature  have  little  or  no  effect,  as  all 
parts  of  the  motor  would  be  designed  so  as  to  secure  gradual  changes 
of  section  and  curvature,  but  in  faultily  constructed  ones  their  influence 
may  be  considerable.  The  loss  arising  from  collision  of  the  water  on  the 
tips  of  the  guide-vanes  should  be  inappreciable,  but  that  due  to  collision  on 
the  tips  of  the  wheel-vanes  cannot  in  practice  be  quite  eliminated,  but  should 
not  exceed  from  1^  to  3  per  cent.;  (2.)  Friction  of  the  moving  water  on 
the  surfaces  of  the  motor.  This  is  generally  the  most  important  source  of 
loss  in  a  turbine,  indeed  were  it  not  for  skin  friction,  a  turbine  might  easily 
be  made  to  give  an  efficiency  of  90  or  95  per  cent. ;  (3.)  The  energy 
carried  away  by  the  water  as  it  leaves  the  wheel;  (4.)  Friction  of  the 
footstep  or  bearing  of  the  turbine. 

Guide-vanes  of  Turbines. — Foumeyron  conceived  the  idea  of  giving 
the  water  an  initial  forward  velocity  before  it  entered  the  wheel  or  moving 
part  of  the  turbine,  and  he  effected  this  by  means  of  fixed  guide-vanes, 
which  now  form  one  of  the  fundamental  parts  of  every  turbine. 

Water-paths  and  Velooities  of  a  Turbine. — In  Fig.  6,  A  repre- 
sents the  fixed  part  of  a  parallel  flow  turbine  containing  the  guide-vanes,  ' 
and  B  the  moving  part  or  wheel  of  the  turbine ;  C  D  and  E  F  are  the  centre 
lines  of  a  guide-cell  and  wheel-bucket  respectively.  In  this  figure  the  water 
enters  the  guide-ports  from  the  head-race  or  turbine-case  in  a  direction 
parallel  to  the  axis  or  shaft  of  the  turbine,  flows  along  the  curved  guide- 
blades,  and  is  by  them  directed  into  the  wheel  with  its  proper  velocity  and 
direction.  If  c  be  the  velocity  and  direction  of  the  water  as  it  leaves  the 
guide-ports,  on  entering  the  moving  wheel,  this  velocity  is  resolved  into 
two  components,  viz.,  t^^,  the  velocity  of  the  wheel  at  its  receiving  circum- 
ference, and  f  1  the  velocity  of  the  water  relatively  to  the  moving  wheel ; 
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c  and  Tj  are  generally  known  as  the  absolute  and  relative  velocities    of 
the  water  as  it  enters  the  wheel,  and  in  order  that  the  water  may  enter  the 
wheel  with  as  little  collision  as  possible,  the  first  portion  of  the  wheel-vanes 
must  be  tangential  to  the  direction  of  the  velocity  ^^.     The  discharg-e 
portion  of  the  wheel-vane  is  straight  so  as  to  guide  the  water  clear  away 
from  the  turbine,  and  to  secure  a  high  efficiency  the  absolute  direction 
of  the  water  as  it  leaves  the  wheel  must  be  at  right  angles  to  the  direction 
of  motion.     The  velocity  of  the  wheel  on  its  discharging  circumference 
being  known, — in  a  parallel-flow  turbine  the  velocity  of  the  wheel  is  neces- 
sarily the  same  on  both  the  receiving  and  discharging  circumferences  and 


GUIDE     PORTS 


dirtdwn  of  tph-.lhn 


Fig.  6.— Diagram  showing  ports  and  buckets  of  a  Jonval  turbine,  with  water  paths  and  velocities. 

the  direction  of  rotation — and  also  the  absolute  direction  of  the  water  as 
it  leaves  the  wheel,  it  will  be  found  that  the  smaller  the  discharging 
angles  of  the  vanes  the  smaller  becomes  the  loss  of  velocity  and  conse- 
quently of  efficiency,  as  the  absolute  velocity  (^3)  of  the  water  as  it  leaves 
the  wheel  represents  a  loss  of  fall.  The  choice  of  the  discharge  angle 
depends  upon  various  circumstances.  In  some  cases  this  angle  may  be 
comparatively  large,  so  that  the  turbine  will  pass  a  large  quantity  of  water 
with  a  small  diameter  of  wheel.  A  large  angle,  however,  means  an  increased 
loss  of  efficiency,  and  should  therefore  only  be  adopted  in  cases  where  the 
water  supply  is  abundant  and  a  high  efficiency  is  not  necessary.  Where  a 
high  efficiency  is  required,  the  angle  must  be  made  as  small  as  possible. 
In  Figure  6,  w^  is  the  velocity  of  the  wheel  at  its  discharging  circum- 
ference, and  c^  and  c^  the  relative  and  absolute  velocities  respectively  of  the 
water  as  it  leaves  the  wheel :  but  the  velocities  and  angles  differ  to  a  greater 
or  less  extent  in  almost  every  turbine. 

In  Pressure-Turbines  the  proportions  between  the  velocities  and 
angles  are  such  that  the  water  leaves  the  guides  with  a  velocity  due  to  about 
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one-half  the  head  or  fall,  the  remaining  portion  of  the  fall  acting  by  pressure. 
In  order  to  keep  up  the  correct  distribution  of  pressure  and  velocity  in  the 
turbine,  and  thus  maintain  the  efficiency,  there  must  be  a  definite  rate  of  flow 
through  the  wheel,  the  water  must  be  admitted  continuously  over  the  entire 
circumference,  and  the  wheel-buckets  are  necessarily  filled  with  water  under 
pressure. 

Pressure-turbines  may  very  conveniently  be  divided  into  inward^  out- 
ward, and  parallel-flow  turbines^  accordingly  as  the  water  enters  and 
leaves  the  motor. 

Begnlatioii  of  Turbinas. — ^As  it  frequently  happens  that  the  water 
available  for  driving  a  turbine  varies  considerably,  often  sinking  down  in 
summer  to  one-half  or  one-fourth  of  the  usual  supply,  it  becomes  necessary 
to  provide  some  means  of  regulating  a  turbine  so  that  it  will  give  a  good 
efficiency  not  only  with  a  full,  but  also  with  a  very  reduced  supply.  Many 
turbines  will  yield  a  high  efficiency  when  fully  supplied  with  water,  but 
become  almost  useless  when  the  supply  sinks  down  to  one-half  or  less,  and 
hence  the  subject  of  regulation  becomes  of  very  great  practical  importance. 
In  cases  where  the  supply  remains  constant,  or  nearly  so,  but  the  power 
required  varies,  the  turbine  may  be  constructed  to  pass  the  water  requisite 
for  the  maximum  power  required,  and  a  stop,  sluice,  ring,  or  throttle-valve 
used  to  regulate  the  speed.  These  methods  of  regulation  are  not  economical, 
but  are  often  sufficient  if  the  water  supply  is  abundant,  and  are  generally 
much  cheaper  than  an  efficient  regulator  applied  to  the  turbine  itself.  A 
proper  regulation  should  always  be  applied  if  the  water  supply  varies. 

Segnlation  of  Inward-Flow  Turbmes. — In  inward-flow  wheels  the 
water  enters  the  guide  ports  on  their  outer  circumference,  flows  towards 
the  axis  of  the  turbine,  and  leaves  the  wheel  along  its  inner  circumference. 
There  are  various  methods  of  regulating  inward-flow  turbines,  the 
commonest  being  by  making  the  guide  blades  movable,  so  that  by  slightly 
turning  them  the  discharge  angle  is  altered  and  more  or  less  water  dis- 
charged as  the  case  may  be.  This  mode  of  regulation  is  often  convenient, 
but  is  open  to  many  objections,  the  chief  one  being,  that  although  the  dis- 
charge area  of  the  guide- ports  is  altered,  that  of  the  wheel  is  in  no  way 
lessened,  and  this  necessarily  causes  a  loss  of  efficiency.  Another  objec- 
tion is,  that  the  speed  of  maximum  efficiency  of  the  wheel  varies  with 
the  inclination  of  the  guide  blades,  and  thus  for  good  working,  the  wheel 
should  run  at  a  different  speed  when  the  opening  of  the  guide  blades  is 
altered. 

Regulation  of  Ontward-Flow  Turbines. — In  outward-flow  wheels, 
the  water  enters  the  wheel  on  its  inner,  and  leaves  it  on  its  outer  circum- 
ference, and  the  regulation  consists  of  a  cylindrical  sluice  working  between 
the  guides  and  wheel.  This  manner  of  regulation  is  very  imperfect  and 
far  from  economical,  as  when  the  turbine  is  using  the  reduced  supply,  only 
the  area  of  the  guides  is  altered,  that  of  the  wheel  remaining  the  same. 
Great  contraction  takes  place  as  the  water  leaves  the  guides,  and  the  water 
on  passing  into  the  wheel  has  to  enter  a  space  much  larger  that  it  can  fill 
with  the  velocity  it  has  attained.  A  great  loss  of  efficiency  thus  takes 
place,  and  in  order  to  diminish  this,  in  the  better  forms  of  the  Fourneyron 
turbine,  the  wheel  and  guides  are  divided  into  two  or  more  tiers,  and  by 
shutting  off  one  or  more  of  these  tiers  to  suit  the  decreased  supply  a  fair 
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efficiency  is  obiained,  provided  that  the  open  tiers  are  fully  supplied  with 
water.  The  chief  objections  to  this  regulation  are,  that  the  skin  friction  is 
much  increased,  and  the  turbine  is  rendered  very  liable  lo  be  choked  by- 
leaves.  The  efficiency  of  the  best  Fournejron  turbine  is  a  little  lower  than 
that  of  an  inward  or  parallel-flow  turbine. 

Cli*  Jonval  or  ParftUsl-now  Tnrliiii*  is  in  many  respects  simpler 
than  either  of  the  preceding  types.  In  this  turbine,  the  waler  enters  the 
guides  parallel  to  the  ajcis  of  the  shaft,  and  after  passing  through  the  motor 
leaves  the  wheel  in  the  same  direction.  Figs.  7  and  8  are  sections  of  the 
ports  and  buckets  of  a  Jonval  turbine.     For  low  falls  this  turbine  is  much 


Fjgi.  7  ukd  8. — S«ctLoju  of  the  pons  and  bucket!  of  the  Joov>]  lutUdc. 

cheap>er  than  any  other,  both  in  the  cost  of  (he  motor  itself  and  in  its 
erection.  As  the  water  passes  parallel  to  the  axis  of  the  motor,  a  smaller 
turbine  case,  where  one  is  necessary.  Is  required  for  a  given  diameter 
of  wheel  than  would  be  requisite  for  an  inward-flow  turbine. 

TlM  Jonval,  in  common  with  all  other  pressure-turbines,  does  not 
admit  of  a  perfect  adjustment  for  a  reduced  water  supply,  but  it  frequently 
admits  of  a  better  one  than  either  of  the  other  types.  On  low  falls  it  may 
be  provided  with  vertical  slides  fitted  into  the  guide  ports,  one  slide  to  each 
port.  These  slides  are  raised  and  lowered  by  suitable  mechanism,  either 
singly,  or  three  together.  When  the  turbine  is  applied  to  medium  falls,  a 
slide  may  be  constructed  so  as  to  close  two  guide  ports  simultaneously. 

The  efficiency  of  a  Jonval  turbine  is  as  hiRh  or  perhaps  higher  than  any 
other  pressure -turbine,  a  well-constructed  wheel  will  yield  an  efficiency  of 
from  75  to  78  per  cent. 

Most  pressure-turbines  work  equally  well  whether  totally  immersed  or 
free  from  the  tail-water,  consequently  they  are  especially  suitable  for 
situations  where  considerable  fluctuation  takes  place  in  the  levels  of  head 
or  tail-water.  They  are  also  capable  of  being  arranged  so  that  part  of  the 
fall,  provided  the  portion  so  used  does  not  exceed  25  to  30  feet,  acts  by 
suction.  In  such  a  case  the  turbine  can  be  arranged  with  its  shaft  either 
vertical  or  horizontal ;  the  suction  pipe  must  be  perfectly  air  tight,  and  with 
its  lower  end  always  below  the  surface  of  the  tail-water.  A  Jonval 
turbine  with  horizontal  shaft  and  adjustment  is  shown  in  Fig.  9.  Excellent 
as  pressure  turbines  are  for  low  or  medium  falls  with  constant  or  neati; 
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cnnstant  water  supplies,  they  should  not  be  applied  to  high  falls,  as  under 
such  circumstances  their  speed  of  rotation  becomes  very  great,  and  the 
wear,  tear,  and  repairs  are  much  increased, 

Impnlae-TaxUuM  differ  from  pressure-turbines,  inasmuch  as  in  the 
former  the  water  leaves  the  guides  with  the  velocity  due  to  the  entire  head 
or  fall,  and  thus  acts  entirely  by  impulse.  Since  the  water  acts  by  impulse 
alone,  the  wheel-buckets  do  not  require  10  be  tilled  with  waier,  and  the 
turbine  may  consequently  be  so  constructed  that  the  water  glides  alonij  the 
concave  surfaces  of  the  wbeel-vanes  without  touching  the  convex  sides,  as 
shown  in  l-'ig.  11.     As  the  Girard  turbine  is  now  the  only  impulse  turbine 


Fig.  9.— Jonva]  turbuie,  wiib  haHnnlal  shtlL 

of  importance,  it  is  only  necessary  to  refer  to  the  various  forms  of  this 
motor. 

The  Oirard-TarbiiL*,  of  which  Figs.  10  and  11  are  sections  of  the 
ports  and  buckets,  should  be  placed  so  that  the  bottom  of  the  wheel  is  just 
clear  of  the  tail-water  when  the  turbine  is  working ;  the  object  of  this  being 
to  secure  a  perfectly  free  discharge  for  the  water  as  it  leaves  the  wheel. 
An  inch  or  two  of  clearance  between  the  bottom  of  wheel  and  top  of  tail- 
water  is  ample.  In  the  Girard -turbine,  it  is  not  necessary  that  the  water 
should  enter  the  wheel  over  its  entire  circumference,  consequently  the 
injection  may  take  place  over  only  a  small  portion,  and  the  turbine  will 
still  retain  its  high  efficiency.  This  property  is  of  great  advantage,  as  it 
enables  a  perfect  regulation  to  be  applied  to  the  motor,  for  if  the  turbine  is 
constructed  for  the  maximum  quantity  of  water  available  it  can  be  adjusted 
for  decreased  supplies  by  merely  closing  some  of  the  guide  ports.  This 
turbine  may  be  applied  to  any  fall,  from  about  6  feet  upwards,  and  for  high 
falls  it  is  the  only  one  capable  of  giving  a  high  efficiency. 

One  of  the  best  known  turbine-makers,  Rlr.  W.  Gunther,  of  the  Central 
Works,  Oldham,  recomnvends  this  turbine  for  low  and  medium  falls  with 
variable  supplies  of  water,  for  medium  falls  with  small  varying  quantities  of 
water,  and  for  high  falls.     For  low  and  medium  falls  with  constant  or 
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nearly  constant  water  supplies,  and  for  situations  where  the  rivers    aic- 
eubject  to  frequent  floods,  he  adopts  the  Jonval  turbine. 


Tigi.  10  iDd  It.— Sectiom  cf  poru  ud  bucket!  of  the  GL-nrd-luHniK 

Axial  uid  Badiwl  CKrard-Tnrbiiwa. — There  are  two  chief  types  of 
the  Girard-turbine,  known  respectively  as  the  axial  and  ladial.  In  the 
former  the  water  enters  and  leaves  the  motor  in  a  direction  parallel 
to  the  aiis,  as  in  the  Jonval  turbine,  while  in  the  latter  it  enters  the  wheel 
on  its  inner  and  leaves  on  its  outer  circumference.  The  axial  type  may  be 
used  for  low,  medium,  and  high  falls,  and  is  invariably  constructed  vrith 
the  shaft  vertical.  For  low  falls  this  turbine  is  made  with  full  injection, 
that  is,  injection  over  the  entire  circumference  of  the  wheel,  and  the  regu- 
lation consists  of  vertical  slides  fitted  lo  each  guide  port,  the  slides  being 
raised  or  lowered  by  suitable  gearing  worked  from  the  turbine-house  or 
other  convenient  place. 

For  medium  falls,  full  or  half  injection,  according  to  circumstances,  is 
used,  and  the  regulation  is  effected  by  a  slide  arranged  so  as  to  cio8e  two 
^ide  ports  simultaneously. 

For  high  falls  and  small  quantities  of  water  this  turbine  is  made  with 
partial  injection,  that  is,  the  water  is  only  admitted  on  a  fraction  of  the  cir- 
cumference,  and  the  diameter  of  the  wheel  is  increased  so  as  to  secure  a 
moderate  number  of  revolutions.  A  high-fall  Girard  turbine  with  partial 
injection  is  necessarily  more  expensive  than  a  turbine  of  small  diameter 
with  full  injection,  but  as  the  former  runs  at  a  much  slower  speed  it  is  not 
subject  to  the  wear,  tear,  and  friction  of  a  quick  running  motor,  it  gives  a 
higher  efficiency,  and  is  much  more  durable. 

Tlis  Bndial  Oizard-Tiubuie  is  generally  only  used  for  high  falls,  and 
is  then  constructed  with  a  horizontal  shaft.  Partial  injection  is  always  applied, 
and  the  method  of  regulating  the  turbine  generally  consists  of  a  slide  closing 
the  guide  ports  one  after  the  other.  Turbines  of  the  horizontal  type  have 
frequently  been  constructed  for  falls  exceeding  500  feet,  and  worked  with 
perfect  success,  thus  testifying  to  the  adaptability  of  this  motor  to  high 
falls.  It  is  scarcely  necessary  to  add  that  under  such  high  heads  a  pressure 
turbine  would  run  at  such  a  high  speed  as  to  become  almost  unmanage- 
able. 
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A  Girard-turbine  arranged  with  a  vertical  shaft,  for  a  medium  fall  and 
variable  water  supply,  is  shown  in  Fig.  12.  In  this  arrangement  the  guide- 
channels  are  on  the  whole  circumference,  and  the  adjustment  for  varying 
the  supply  is  so  arranged  that  the  turbine  can  work  with  eitberfull  or  partial 


Fig.  13.— Gijsnl-iarUiu  with  nnicaj 
ihafi  for  mwiiupi  Uls. 

injection.     For  low  falls  the  outer  case  is  dispensed  with,  and  the  guide- 
channel  cyUnder  is  fixed  direct  to  the  bottom  of  the  head-race. 

A  Girard-turbine  arranged  with  a  vertical  shaft  for  high  falls  and  varying 
water  supplies,  partial  injection  being  employed  in  this  case,  is  shown  in 
Fig-  13- 

Another  Girard-iurbine  for  high  falls  kitd  variable  supplies,  is  shown  in 
Fig.  14.  In  this  arrangement  the  shaft  is  placed  horizontally,  and  the 
water  enters  the  wheel  on  the  inner 
circumference,  and  leaves  it  on  the 
outer  circumference.  The  wheel  Is 
protected  by  a  wronght-iron  case, 
which  is  not  shown  in  ihe  wood- 
cut. This  arrangement  is  especially 
adapted  for  large  powers  under  very 
high  falls,  and  partial  injection  is 
always  used. 

Vha  proportionB  of  a  Tnrbiua 
should    be    adapted     to    the    fall, 
quantity  of  water,  location,  and  cir-  \ 
cumstances  under  which  it  has  to 
work.     The  following  general  rules 

for  the  lonval-turbine  may  be  modi-     „  „ _  , 

fied  as  circumstances  require.  "^  ■^bSrtiS'^f'iSS^'.'''^'^ 

Anlev  for  Proportioning 
fonnd'a  Torlnne. — To  find  the  Diameter  at  the  Centre  of  the  Buckets, 
or  Centre  of  Motion  d. — Jiuie :  Multiply  the  square  root  of  the  height  of 
iaii  in  feet  by  1000,  and  divide  the  product  by  the  number  of  the  revolo' 
tions  of  the  turbine  per  minute. 
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Number  of  buckets  in  the  turbine  wheel  =  six  times  the  square  root 
of  the  diameter  of  the  centre  of  motion  d.  Number  of  guides=5  times 
the  square  root  of  d.  Depth  of  buckets  =  one-eighth  of  d.  Radius  of 
the  curved  portion  of  the  bucket  =  depth  of  bucket  x  i'2$.  Depth  of 
guides  =  one-sixth  of  d.  Radius  of  the  curved  portion  of  guides  =  depth 
of  guide  X  175. 

To  find  the  total  horse-power  of  a  fall  of  water  delivered  on  a  Turbine, 
— Rule:  Multiply  the  quantity  of  water  passed  through  the  turbine  in  cubic 
feet  per  second  by  the  height  of  the  fall  in  feet,  and  multiply  the  product 
by  '1134.  These  wheels,  as  previously  stated,  yield  as  high  as  78  per  cent, 
of  the  total  power  expended,  when  well  constructed. 

Example:  Required  the  horse-power  of  a  fall  of  water  28  feet  high, 
discharging  15  cubic  feet  of  water  per  second,  taking  the  efficiency  at  65 
per  cent.,  a  very  low  estimate. 

15  X  28  X  'ii34=47"628  total  horse-power, 

of  which  47*628  X '65  modulus= 30*958,  or  say  31  horse-power  would  be 
available  as  actual  horse-power  in  a  Jonval-turbine,  and  this  fall  would 
require  a  turbine,  making  say  190  revolutions  per  minute  == 

(1000  v/28  feet  fall)-f-(i90  revolutions)=27"85  inches  diameter. 
Water-Jet  Motors. — The  application  of  a  jet  of  water  to  a  number  of 
cups  or  buckets  attached  to  the  rim  of  a  wheel  is  a  simple  and  excellent 
method  of  producing  motive  power.  It  is,  however,  essential  to  economy 
and  efficiency  that  the  formation  of  the  buckets  shall  not  permit  the  lodg- 
ment and  carrying-over  of  water  which  has  lost  its  impelling  power,  termed 
dead-water,  and  that  the  water  shall  be  received  without  shock  and  dis- 
charged without  velocity.  It  is  also  necessary  that  the  buckets  be  small  in 
area  and  number,  because  the  loss  by  friction  is  proportional  to  the  area  of 
the  wetted  surface.  The  wheel  should  be  driven  by  the  impulse  of  the  jet, 
or  by  a  uniform  and  continuous  pushing-action  of  the  water.  When  it  is 
driven  by  the  impact  of  the  jet,  or  by  a  succession  of  blows  of  the  v^-ater, 
such  as  result  from  variations  in  the  angle  of  the  impingement  of  the  jet, 
there  is  a  considerable  loss  of  efficiency.  The  velocity  of  the  bucket 
should  be  equal  to  one-half  the  velocity  of  the  impelling  jet. 

Buckets  of  Water-Jet  Motors. — The  action  of  a  jet  of  water  in 
striking  a  flat  plate  at  right  angles  is  shown  in  Fig.  14 a.    The  water 

divides  and  forms  a  wedge  of  dead-water, 
and  the  direction  of  the  discharge  precludes 
a  complete  stoppage  of  the  water.  The 
action  of  a  jet  of  water  in  striking  a  curve- 
shaped  bucket  is  shown  in  Fig.  14B.  The 
same  wedge-shaped  formation  of  dead-water 
^*^ltriicin^aftat  cxists  as  in  the  preceding  case,  but  there  is  Fig.  X4B.-Water- 
pUteT  *"^*        a  reversal  of  the  stream  which  allows  it  to      iSJve''."^rfIfped 

be    almost    completely   checked    and    ex-      bucket 
hausted  of  its  energy. 

The  Pelton  Water-Wheel. — ^In  the  double-curve  or  wedge-centre 
bucket,  designed  by  Pelton,  shown  in  Fig.  14c,  the  loss  due  to  water- 
wedge  is  avoided,  because  a  piece  of  metal  projects  into  the  middle  of  the 
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Stream  and  occupies  the  space  of  the  water-wedge.    The  jet  is  applied 

tangentially,  and  becomes  divided  into  two  parts,  one  turning 

to  the  right  and  the  other  to  the  left ;  the  direction  of  boih 

being  almost  completely  reversed  before  the  water  leaves 

the  bucket.     The  wheel  revolves  vertically,  and  is  highly 

efficient,  as  will  be  seen  from    ihe   following  table.      To 

facilitate  the  escape  of  the  spent-water,  and  to  utilize  all 

of  the  head  of  water,  the  stream  is  usually  applied  t 

lower  side  of  the  wheel. 


Table  9.- 

-Results 

OF  Tests 

i7  A  Pelton  Water-Wheel. 
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Ac<u[  »ua 
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Effickncv 

"- 

Sti 

dcnioped.             iwstblc. 

100 

775 

1478 

5349            6-422 

83-30 

103 

780 

1500 

S-563            6-715 

82-90 

1*5 

880 

iS'oS 

10-730          12-520 

85-69 

102 

775 

20-82 

7-845      1      9-226 

85-02 

100 

775 

20-6i 

7-756            8-957 

86-59 

125 

9cx> 

23-05 

10-670          12-520 

85-16 

.00 

780 

2o-6i 

7-717            8-957 

86-15 

The  power  of  the  Pelton-wheel  is  independent  of  its  diameter,  and 
depends  upon  the  head  and  volume  of  the  water. 

The  Pelton-wheel  with  a  single  nozzle  may  be  employed  for  heads  of 
water  as  low  as  30  feet,  if  the  power  required  is  small.    When  large  power 


Pcl.^  Wiur-wbcel  Co.,  San  PnnciKO. 

is  required  from  a  comparatively  low  head  of  waicr,  a  wheel  with  multiple 
nozzles  is  employed,  as  shown  in  Fig.  14D. 

The  Pelton-wheel,  shown  in  Fig.  15,  is  especially  adapted  for  heads 
above  50  feet ;  and  there  is  no  limit  to  the  height  of  head  of  water  under 
which  it  will  efficiently  work.  For  instance,  a  Pelton  water-wheel  of 
36  inches  diameter,  formed  of  a  solid  steel  disc,  with  phosphor-bronze 
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buckets  riveted  to  the  rim,  as  shown  in  Fig.  1 3A,  is  working  under  a  vertical 

head  of  jioo  feel,  equivalent  to  a  pressure  of  ajoo  x  "433  =  910  pounds 

per  square  inch.     The  wheel  makes  1150  revolutions  per    minute;    the 

peripheral  velocity  is  10,804  feet  per   minute, 

or  about  120  miles  an  hour. 

At  an  electric  light   works,  there   are   eight 

Pelton-wheels    of    24    inches    diameter,    each 

weighing  90  pounds,  and  capable  of  developing 

175  horse-power,  or  nearly  two  horse-power  for 

each  pound  weight  of  the  wheel.    The  speed  is 

1000  revolutions  per  minute,  and  the  head   of 

*'*■  '^li^J'™  1^*^"' "  *'^    "afer  is  820  feet,  equa!  10  a  pressure  of  820 

X  '433  =  355  pounds  per  square  inch. 

Other  Pelton-wheels  are  working  under  pressure  of  from  700  to   1000 

pounds  per  square  inch.     The  latter  is  equal  to  a  head  of  icjoo  x  2'3i  = 

2310  feet,  under  which  a  wheel  of  18  inches  diameter,  weighing  30  pounds, 

will  develop  21  horse-power,  with  a  nozzle-tip  of  J  inch  diameter. 

Considerably  more  power  is  stored  in  the  rivers  and  streams  of  the  world 
than  is  sufficient  for  all  the  industrial  purposes  of  mankind.  It  is  astonishing 
that  only  a  small  percentage  of  the  available  power  has  hitherto  been  utilized, 
considering  that  efficient  motors  are  obtainable,  adapted  to  all  heads  and 
purposes,  for  the  economical  utilization  of  water-power. 


HEAT  AND  FUEL. 


A  ThmrmOBUitBT  is  an  instrument  for  measuring  temperatures.  It 
consists  of  a  glass-tube  having  a  bulb  at  the  foot,  containing  either  mercury 
or  alcohol :  mercury  being  used  for  ordinary  temperatures,  and  alcohol  for 
very  low  temperatures,  because  it  remains  fluid  and  does  not  solidify  at  the 
greatest  known  cold.  A  scale  is  placed  at  the  side  of  the  tube,  graduated 
into  degrees,  which  indicates  the  expansion  of  the  fluid  in  the  tube,  from 
which  the  temperature  is  read  off.  The  temperature  of  melting  ice  being 
constant  at  all  temperatures,  it  is  used  for  marking  the  zero  point  of  centi- 
grade and  Riiaumur  thermometers:  in  Fahrenheit  thermometers  the  zero 
point  is  placed  32°  below  this,  at  about  the  temperature  of  a  mixture  of 
salt  and  snow.  As  distilled  water  under  the  same  pressure,  in  a  vessel  of 
the  same  kind,  always  boils  at  the  same  temperature,  it  is  used  for  marking 
the  boiling  point  of  thermometers.  After  the  mercury  is  introduced,  it  is 
boiled  to  expel  air  and  moisture,  and  the  tube  is  hermetically  sealed.  The 
action  of  the  thermometer  is  due  to  the  change  of  bulk  or  volume  to  which 
bodies  are  subject  with  a  change  of  temperature  ;  they  expand  with  heat, 
and  contract  with  cold,  thus  indicating  a  high  or  low  temperature. 

Th«  Fahranheit  TliflRiiomfltcr  is  used  in  this  country  and  in 
America.  The  number  0°  on  its  scale  represents  the  greatest  degree  of 
artificial  cold  that  could  be  produced  at  the  time  the  thermometer  was 
invented.  The  number  32°  represents  the  freezing  point,  or  temperature 
of  melting  ice,  and  212°  the  temperature  of  boiling  water,  in  both  cases 
under  atmospheric  pressure.  From  the  freezing-point  to  the  boiling- 
point  there  are  180  degrees. 

TIm  Centigrade  Thermonietei  is  used  in  France  and  other  paits  0/ 
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ibe  continent ;  number  o°  on  its  scale  represents  the  temperature  of  melting 
ice,  and  ioo°  the  temperature  of  boiling  water.  From  the  freezing-point 
to  the  boiling-point  there  are  loo  degrees. 

The  Beaumnr  Thermometer  is  used  in  Russia  and  Turkey,  &c. 
Number  o^  on  its  scale  represents  the  temperature  of  melting  ice,  and 
80°  the  temperature  of  boiling-water.  From  the  freezing-point  to  the 
boiling-point  there  are  80  degrees. 

To  coiiTert  Degrees  Fahrenheit  into  Degrees  Centigrade. — Rule: 
Subtract  32,  multiply  the  remainder  by  5,  and  divide  the  product  by  9. 

To  oonvert  degrees  Centigrade  into  Degrees  Fahrenheit. — 
Rule:  Multiply  by  9,  divide  the  product  by  5,  and  add  32  to  the  quotient. 

To  convert  Degrees  of  Centigrade  into  Degrees  Btonmnr. — Rule: 
Multiply  by  4  and  divide  the  product  by  5. 

To  convert  Degrees  of  lUanmnr  into  Centigrade. — Rule:  Multiply 
by  5  and  divide  the  product  by  4. 

To  convert  Degrees  of  Fahrenheit  into  Degrees  of  Beanmnr. — 
Rule:  Subtract  32,  multiply  the  remainder  by  4,  and  divide  the  product 
by  9. 

To  convert  Degrees  of  Beanmnr  into  Degrees  of  Fahrenheit. — 
Rule :  Multiply  by  9,  divide  the  product  by  4,  and  add  32  to  the  quotient. 

A  Thermometer  is  used  by  marine  engineers  with  the  salinometer  to 
test  the  temperature  of  the  water  drawn  from  the  boiler  for  the  purpose  of 
ascertaining  its  density,  and  to  test  the  temperature  of  the  feed-water,  and  of 
the  air  in  the  engine-room. 

Sigh  Temperatures  hejond  the  range  of  a  Thermometer  may  be 
ascertained  approximately,  by  heating  a  bar  of  wrought- iron  to  the  tem- 
perature required  to  be  ascertained,  and  then  quenching  it  in  cold  water, 
when  the  rise  of  temperature  of  the  water  will  enable  the  unknown  tempera- 
ture required,  to  be  calculated  by  the  following  rule,  which  assumes  the 
specific  heat  of  wrought-iron  to  be  one-ninth  that  of  water : — 

Let  T  =  the  temperature  of  the  water  produced  by  quenching  the  iron, 
t  =  the  original  temperature  of  the  cooling-water. 
W  =  the  weight  of  the  cooling-water  in  lbs. 
w  =  the  weight  of  the  bar  of  wrought-iron  in  lbs. 
X  =  the  unknown  temperature  required. 


X=[(T-t)xWx9J^^ 


Example:  A  bar  of  wrought-iron  weighing  20  lbs.  was  inserted  in  the 
chimney  of  a  steam  boiler,  and  when  heated,  was  quenched  in  30  lbs.  of 
water  at  55**  Fahr.,  thereby  raising  the  temperature  of  the  water  to  93*^  Fahr. 
Required  the  temperature  of  the  chimney. 

Then  ^93*  -  55°)  x  30  lbs-  of  water  x  9  ^        .  ^^  ^ 

20  lbs.  weight  of  wrought-iron  "^  '' 

93  =  606°  Fahr.,  the  temperature  of  the  chimney. 

The  Standard  Temperatures  of  Water  are  as  follows : — 
The  freezing-point  under  one  atmosphere  is    32°    Fahr.  or     o       Cent. 
The  point  of  maximum  density    .        .    .    39°*  1    „     „       4° 
The  British  standard  temperature      .        .    62°'o    „     ..     i6°-66 
The  boiling-point  under  one  atmosphere  .212^      „     „   icx)^ 
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The  temperature  used  in  calculating  the  specific  gravity  of  bodies  is 
usually  62°  Fahr. 

Notable  Tamperatiireii.— Melting  ice,  32^  Fahr. ;  boiling  water,  212'' 
Fahr.,  under  the  pressure  of  one  atmosphere  or  in  the  open  air ;  steam  at 
1 60  lbs.  pressure  per  square  inch  by  the  steam-gauge,  371°  Fahr.;  super- 
heated steam  380^10  400^  Fahr.  Smoke  in  the  funnel  of  a  ^larine-boiler, 
552°  to  600°  Fahr.;  water  in  the  hot-well,  icx)°  to  120°  Fahr.;  boiler- 
furnaces,  2500°  to  3000°  Fahr.  Dull  cherry-red  heat,  1470°  Fahr.;  full 
cherry-red,  1700°  Fahr.;  orange-colour,  2000°  Fahr.;  white-heat,  2370® 
Fahr.;  bright  white-heat,  2500°  Fahr. 

The  Meaa  Temperatnre  of  a  place  is  the  mean  of  its  annual  tem- 
perature averaged  for  a  number  of  years.  The  mean  daily  temperature 
is  obtained  by  dividing  the  sum  of  24  hourly  observations  by  24 — ^the 
temperature  being  taken  of  the  air  and  not  of  the  ground.  The  mean 
temperature  of  24  successive  hours  is  approximately  equal  to  the  tempera- 
ture at  9  o'clock  A.M.,  and  the  mean  temperature  of  the  day — from  9 
o'clock,  A.M.,  to  5  o'clock,  P.M. — is  approximately  equal  to  the  temperature 
at  1 2  o'clock  noon. 

Temperature  of  the  Siver  Thames. — Sir  C.  B.  Airy  found  from 
observations  of  the  temperature  of  the  Thames  extending  over  many  years, 
that  on  the  average  of  thirty-three  years  the  temperature  of  the  Thames — 
517° — is  higher  than  the  air  at  the  Royal  Observatory — 50°*  2 — by  i|  degrees. 
During  the  seven  months,  May  to  November,  this  difference  averages  2° ; 
and  during  the  winter,  December  to  April,  only  07°.  On  the  average  of 
the  thirty-three  years,  July  gives  the  highest  monthly  mean  river  tempera- 
ture— 657° — and  January  the  lowest — 39*4°.  The  high  temperature  of 
73*1°  was  recorded  as  the  average  for  June,  1846,  and  of  75*4°  on  July  20th, 
1859. 

Temperatnre  of  Seas  and  Lakes. — The  temperature  of  the  surface 
of  the  sea  varies  with  the  seasons  and  with  the  direction  of  the  ocean  currents. 
The  surface  temperature  of  tropical  seas  is  generally  the  same  as  that  of 
the  air,  but  that  of  polar  seas  is  higher  than  that  of  the  air.  The  average 
winter  temperature  of  the  sea  round  the  coast  of  England  is  higher  than 
that  of  the  land.  The  mean  annual  temperature  of  the  surface  of  the  sea 
round  England  is  49°  Fahr. ;  the  mean  surface  temperature  of  the  Indian 
Ocean  is  89°  Fahr. ;  and  of  the  Red  Sea  94°  Fahr.  The  temperature  of 
maritime  land  is  influenced  by  the  winds  which  come  from  the  sea,  as 
Ihe  air  resting  upon  the  surface  of  the  sea  acquires  its  temperature,  and 
is  distributed  over  the  land. 

The  Temperatnre  of  Deep-Bea-Water  is  considerably  less  than  that 
of  the  surface  water ;  the  temperature  decreases  as  the  depth  increases. 
The  temperature  of  the  bottom  of  the  sea  in  both  temperate  and  tropical 
climates  averages  36°  Fahr.  The  temperature  of  the  bottom  of  lakes 
averages  39°  Fahr. 

The  surface  water  is  the  warmest  part  of  the  sea,  its  temperature  extends 
to  different  depths  in  different  seas,  forming  a  stratum  generally  from  100 
to  300  fathoms  deep,  below  which  the  water  becomes  colder  towards  the 
bottom,  as  will  be  seen  from  Table  10,  which  contains  the  results  of 
observations  in  various  Darts  of  the  world. 
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lable  lo. — ^Temperature  of  Seas  and  Lakes  at  Various  Depths. 


Surface 

Tempera- 
ture. Fahr. 

Fthms.  Fahr. 

North  Pacific  Ocean      .  70° 

Temperature  at  a  < 

depth  of 

2500=34° 

South  Pacific  Ocean      .  67° 

1950=31° 

North  Atlantic  Ocean   .  40® 

3000=34° 

South  Atlantic  Ocean    .  50** 

300=33° 

Equatorial  Ocean          .  78** 

300=39° 

78° 

600=35° 

78^ 

900=32° 

Lake  of  Geneva            .  78** 

950=42° 

Lake  Sabatino,  Rome   .  77° 

490=44° 

Loch  Lomond,  Scotland  50° 

500=42° 

Springs  of  Water  assume  the  temperature  of  the  ground  through 
which  they  pass.  Shallow  springs  have  the  same  temperature  as  the  air, 
but  deep  springs  assume  the  temperature  of  the  stratum  of  constant  tem- 
perature, or  the  mean  annual  temperature  of  the  place. 

Warm  Springs  of  water  rise  from  a  depth  below  the  stratum  of  constant 
temperature.  Their  temperature  is  due  to  the  internal  heat  of  the  earth, 
and  is  an  approximate  indication  of  the  depth  from  which  the  water  rises. 
Warm  or  thermal  springs  are  largely  impregnated  with  mineral  matter, 
such  as  magnesia,  soda,  iron,  lime,  manganese,  potash,  bromine,  lithia, 
iodine,  and  other  substances.  The  maximum  temperatures  of  a  few  noted 
thermal  springs  are:  Great  Geyser,  Iceland,  261°  Fahr. ;  Chandes-Aignes, 
180°  Fahr.;  Wiesbaden,  160°  Fahr.;  Baden-Baden,  155°  Fahr.;  Lucca, 
130°  Fahr. ;  Bath,  120°  Fahr.,  and  Buxton,  82°  Fahr. 

The  Temperature  of  the  Earth  at  the  surface  nearly  equals  that  of 
the  air,  but  below  the  surface  the  temperature  varies  greatly  at  different 
localities  and  in  different  geological  formations.  Limestone  is  the  coolest 
formation.  The  two  coolest  mines  or  tunnels  are  in  limestone,  viz., 
Chanarcillo  Mines  and  Mont  Cenis  Tunnel. 

ITndergroiind  Temperatures. — ^The  normal  temperature  of  the  earth 
at  a  depth  of  about  30  feet  in  this  country,  and  at  a  depth  of  55  feet  in 
warm  climates,  is  constant,  and  equal  to  the  mean  annual  temperature  of 
the  air  at  that  place.  Below  that  depth  the  temperature  gradually  increases 
with  the  depth,  and  although  it  varies  in  amount  in  different  kinds  of  rock, 
its  average  rate  of  increase  is  1°  Fahr.  for  every  55  feet  in  depth,  except  in 
exceptionally  hot  mines,  where  it  sometimes  increases  1°  Fahr.  for  every 
30  feet  in  depth.  In  a  deep  bore-hole  near  Schladebach,  Germany,  the 
temperature  at  a  depth  of  4567  feet  was  120°  Fahr.  In  a  deep  artesian- 
well  at  Pesth,  the  temperature  at  a  depth  of  3120  feet  was  158°  Fahr. 
In  a  deep  bore-hole  at  the  Waterworks,  Richmond,  Surrey,  the  temperature 
at  a  depth  of  1447  feet  was  found  to  be  76 J°  Fahr.  In  a  shaft  in  the 
Aberdare  Valley  the  temperature  was  found  to  be : — At  a  depth  of  546 
feet  =  56°  Fahr. ;  780  feet  =  59^°  Fahr. ;  1020  feet  =  63°  Fahr.,  and  at 
1272  feet  deep  =  66^  Fahr.  At  the  Denton  Colliery  the  temperature  at  a 
depth  of  1317  feet  was  66°  Fahr. 

Sot  M^ies. — ^The  mines  on  the  Cumstock  Vein.  Nevada,  are  extremely 
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hot ;  at  depths  of  from  1 500  to  2000  feet  the  thennometer  placed  in  a 
freshly-drilled  hole  will  register  130°  Fahr.,  and  small  bodies  of  water  run 
for  years  at  170°  Fahr.,  and  large  bodies  of  water  at  155°  Fahr.  The  tem- 
perature of  the  air  is  kept  down  to  110°  Fahr.  by  forcing  in  fresh  air  cooled 
over  ice.     In  one  of  the  mines  the  temperature  increased  as  follows : — 

100  to  1000  feet  deep  increase  i*'  Fahr.  in  20  feet. 
100  to  1800        ,,  „  „         30-5  feet. 

100  to  2300        „  „  „         30-3  feet. 

Iced  water  is  drunk  by  the  miners  in  these  hot  mines,  with  apparently  no 
bad  results. 

Deep  Mines. — The  high  temperature  of  deep  mines  forms  an  obstacle 
to  their  working.  At  the  Comstock  Mines,  Nevada,  some  years  ago,  the 
miners  could  only  work  a  few  minutes  at  a  time  on  account  of  the  great 
heat.  At  the  New  Almaden  Silver  Mine,  California,  the  temperature  at  a 
depth  of  600  feet  was  115°  Fahr.  A  coal  mine  in  Durham,  1814  feet  deep, 
has  a  temperature  at  the  bottom  of  78*^  Fahr. ;  at  another,  near  Manchester, 
2150  feet  deep,  the  temperature  is  75°  Fahr. ;  at  a  copper  mine  in  Cornwall, 
2100  feet  deep,  the  temperature  is  88°  Fahr. ;  and  water  is  obtained  from  a 
well  at  Grenoble,  France,  1797  feet  deep,  at  a  temperature  of  817°  Fahr. 

The  Internal  Heat  of  the  earth  may  be  seen  from  the  following 
examples,  taking  in  each  case  the  surface  temperature  at  42°  Fahr.,  and 
the  rate  of  increase  of  temperature  at  1°  Fahr.  for  every  60  feet  in  depth: — 

Water  will  boil  at  a  depth  of 

212°  boiling  point— 42°  x  60  feet  ..  , 
1760  yards  xsTiS =  »'93  miles ;  and 

Brass  will  melt  at  a  depth  of 

1650°  melting  point— 42°  x  60  feet 

I76^ards  X  3  feet =  ^^'^7  ""•««• 

Quantities  of  Heat  are  expressed  in  units  of  weight  of  water  heated 
one  degree. 

Tke  British  ITnit  of  Heat,  or  Thermal  Unit,  is  the  quantity  of  heat 
necessary  to  raise  the  temperature  of  one  pound  of  water  at  32°  Fahr.  one 
degree  Fahr. — that  is,  from  32°  to  33°.  Dr.  Joule  found  that  by  the 
expenditure  of  one  unit  of  heat,  772  lbs.  weight  could  be  raised  one  foot 
high.  The  mechanical  measure  of  heat  is,  therefore,  taken  at  772  foot- 
pounds for  one  unit  of  heat.  Heat  and  mechanical  energy  are  mutually 
convertible,  and  heat  requires  for  its  production,  or  produces  by  its 
disappearance,  mechanical  energy,  in  the  proportion  of  jji  foot-pounds 
for  each  unit  of  heat. 

The  Specific  Heat  of  a  body  means  its  capacity  for  heat,  or  its  power 
of  storing  heat ;  or  the  quantity  of  heat  required  to  raise  the  temperature 
of  the  body  one  degree  Fahr.,  compared  with  that  required  to  raise  the 
temperature  of  an  equal  weight  of  water  one  degree.  Water  is  taken  as  the 
standard  for  comparison  of  specific  heat,  and  its  specific  heat  exceeds 
that  of  nearly  all  other  bodies.  The  specific  heat  of  all  colid  and  liquid 
substances  is  nearly  constant  for  temperatures  up  to  2 1 2°  Fahr. ;  but  above 
that  point  the  specific  heat  increases  as  the  temperature  rises.  The  specific 
heats  of  solid  and  liquid  substances  at  ordinary  temperatures,  are  given  in 
the  following  table : — 


SPECIFIC  HEAT. 


45 


Table  ii. — Specific  Heat  of  Solid  and  Liquid  Bodies,  and  of  Cjases, 
FROM  THE  Experiments  of  Regnault,  Pouillet,  Petit,  and 
DuLONG,  Dalton,  Despretz,  and  Laplace. 


Water  at  32°  Fahr.   .      = 

I '0000 

Chloride  of  calcium     •    . 

'1642 

Iridium        .         •         .     . 

.•1886 

Zinc,  32 — 572*^  F.     . 

•1015 

Manganese 

•1442 

Lead,  "0314  :  Gold       .     . 

•0325 

Cast-iron     .        .        .     . 

'1299 

Silver       .        .        .        . 

•0570 

Steel,  soft,  -1 166 :  hard 

•1185 

Antimony,  32 — 572°  F.     . 

•0547 

Wrought  iron,  32 — 212°  F. 

•1099 

Bismuth  .         .         .        . 

•0308 

32—392°  F. 

•1152 

Cadmium    .        .        .    . 

•0567 

32—662°  F, 

•1256 

Platinum  at  212°  F. 

•0335 

Copper,  32 — 212°  F. 

•0952 

572°  F.      .     . 

•0343 

„       32-572°  F.    .    . 

•1014 

2192°  F. 

•0381 

Brass,  '0940  :  Tin    . 

•0569 

Mercury,  solid     •        .    . 

•0320 

Zinc,  '0955  :  Cobalt     .     . 

•1069 

„        liquid 

"    '0334 

Molybdenum    • 

.    '0721 

32—573°  F.  .    . 

•0350 

Palladium    .         .        •     . 

•0593 

Nickel      .        .        .        , 

.     -1087 

Uranium  .        .        .        . 

•0619 

Sulphate  of  potash        .     . 

•1901 

Tungsten     .        .        .     , 

.    -0364 

„          lead 

.     -0873 

Quicklime 

.    -2170 

Protochloride  of  mercury 

.     -0689 

Magnesian  limestone    • 

••  *2i75 

Perchloride  of  tin 

•1016 

Chalk 

.      -2149 

IMamond 

•1469 

White  marble  .     . 

.     -2159 

Sapphire  . 

.     -2174 

Stonework 

.    -1972 

Bromine,  '0840 :  Iodine 

.     -0542 

Brickwork    . 

.    -1918 

Tellurium 

.     '0516 

Glass,  32— 212°  F.   . 

.     -1770 

Oak,  -5710:  Fir  . 

•6510 

„      32-572°  F.       . 

.     "1900 

Pear  tree  . 

.     '5020 

Coke,  '2030:  Coal   . 

.     '2412 

Olive  oil      .        .        . 

.     -3010 

Anthracite      •      • 

.     '2017 

Turpentine 

.     -4700 

Graphite,  natural 

.     '2019 

Acetic  acid,  concentrated 

.     -6580 

„        from   blast  fur- 

Vinegar, -9200 :  Alcohol 

.     '6590 

naces       .        .        .    . 

.     -4970 

Essence  of  orange    • 

.     -4890 

Magnesia . 

.     '2216 

,,          lemon 

.     -4880 

Ice,  '5040:  Soda. 

►    -2311 

„          juniper    • 

.     -4770 

Animal  black   . 

.     '2609 

Benzine,  59 — 68°  F.     . 

•     '3932 

Charcoal 

.     -2415 

Ether,  oxalic     . 

•     "4555 

Phosphorus,  32 — 212°  F, 

.     -2504 

„      sulphuric,      densit) 

Sulphur 

.     '2026 

•76°        .        .        . 

.     -6600 

„       recently  cast 

.     -1845 

Chloride  of  calcium,  solu- 

Nitrate of  silver    . 

.     -1436 

tion    . 

.     -6448 

„        potass 

.    -2388 

Wood  spirit,  59     68°  F. 

,     '6010 

„        soda 

•     '2783 

Sulphuric  acid  . 

.     -6613 

„        barytes 

•     "1523 

Water  from  32 — 212°  F. 

.  1-0052 

Chloride  of  lead  . 

.     -0665 

Air  .... 

.     '2380 

„         tin 

.    -1476 

Nitrogen,  '2445  •  Oxygen 

•2190 

„          zinc  . 

.     -1362 

Hydrogen    . 

•  3*4050 

„         magnesium 

.     -1946 

Gaseous  steam . 

•    '4757 

„         manganese 

.     -1426 

Ammoniacal  gas  . 

.     -5086 

„         sodium  . 

.      '2200 

Olefiant  gas 

.     '3706 
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The  Speoiilo  Keat  of  Bodies  varies  considerably,  as  may  be  seen 
from  the  previous  table.  Woods  average  one-half  of  the  specific  heat  of 
water ;  coal  averages  one-fourth,  and  coke,  stone,  brick,  glass  and  sulphur 
each  average  one-fifth  the  specific  heat  of  water.  The  metaU  have  the  least 
specific  heat.  The  specific  heat  of  bismuth  is  03084,  therefore,  the  quantity 
of  heat  that  would  raise  a  given  weight  of  bismuth  through  one  degree 
Fahr.  would  only  raise  the  temperature  of  the  same  weight  of  water  through 
•03084  of  a  degree.  The  specific  heat  of  mercury  is  '033,  and  the  quantity 
of  heat  that  would  raise  the  temperature  of  mercury  one  degree,  would  only 
raise  the  temperature  of  the  same  quantity  of  water  '033  of  a  degree; 
hence  the  same  quantity  of  heat  that  would  raise  i  lb.  of  water  i  degree, 
would  raise  the  temperature  of  30  lbs.  of  mercury  i  degree.  The  specific 
heat  of  iron  is  only  about  one-ninth  that  of  water,  therefore  nearly  9  lbs.  of 
iron  would  be  raised  to  a  given  temperature,  by  the  same  quantity  of  heat 
which  would  be  required  to  raise  i  lb.  of  water  to  the  same  temperature. 

The  specific  heat  of  the  same  body  is  less  in  the  solid  than  in  the  liquid 
state,  for  instance  : — 

The  specific  heat  of  water  is  I'ooo  liquid  and  '504  solid. 

Ditto  mercury   -0333     „  -0319    „ 

The  specific  heat  of  water  in  a  gaseous  state,  or  steam,  is  '662. 

Capacity  for  Eeat  means  the  quantity  of  heat  required  to  raise  the 
same  weight  of  different  bodies  through  the  same  number  of  degrees  of 
temperature.  If  the  same  weight  of  several  different  substances  be  heated 
to  the  same  degree  of  temperature  and  tested  in  an  ice-calorimeter,  their 
capacity  for  heat  will  be  determined  by  the  quantity  of  ice  melted  by 
each  substance.  Water  has  a  greater  capacity  for  heat  than  any  other 
substance. 

The  Calorimeter  is  an  instrument  for  determining  the  total  amount  of 
heat  in  a  body,  or  its  specific  heat.  The  ice-calorimeter  consists  of  three 
concentric  vessels  of  tin,  in  the  central  one  is  placed  the  heated  substance 
to  be  tested,  and  the  other  two  are  filled  with  pounded  ice.  The  ice  sur- 
rounding the  central  vessel  is  melted  by  the  heated  substance,  and  the  ice 
in  the  outer  vessel  excludes  the  heating  influence  of  the  external  air.  Each 
compartment  is  fitted  with  a  cock  to  draw  off  the  water  produced  from  the 
liquefaction  of  the  ice.  The  water  from  the  melted  ice  in  the  compartment 
surrounding  the  central  vessel  will  be  proportional  to  the  heat  stored  in  the 
substance  in  the  calorimeter ;  and  if  the  weight  of  melted  ice  be  divided  by 
the  number  of  degrees  through  which  the  substance  has  fallen,  it  will  give 
the  quantity -of  ice  which  the  substance  would  melt  by  falling  through  one 
degree.  A  substance  in  cooling  from  a  given  temperature  to  zero,  gives 
out  as  much  heat  as  it  absorbs  in  being  heated  from  zero  to  the  given 
temperature. 

The  Calorimeter  used  in  Boiler-Tests,  in  its  simplest  form,  consists 
of  a  barrel  provided  with  a  stirring-arm  revolving  on  a  vertical  shaft  fo! 
mixing  hot  and  cold  water.  The  barrel  is  placed  upon  a  weighing 
machine,  and  is  supplied  with  a  certain  weight  of  cold  water,  into  which 
steam  is  discharged  from  a  pipe  connected  to  the  boiler.  The  rise  of 
temperature  of  the  mixture  of  water  and  steam  is  indicated  by  a  thermo- 
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meter,  and  when  the  temperature  fixed  as  a  basis  of  calculation  is  reached, 
the  weight  of  the  water  is  taken.  The  difference  between  the  weight  of  the 
barrel  of  water  before  and  after  the  addition  of  the  steam,  gives  the  weight 
of  condensed  water  received  as  steam  from  the  boiler.    If — 

■ 

W  =  the  original  weight  of  water  in  the  calorimeter, 

w  ^  the  weight  of  condensed  water,  or  water  added  by  heating  with 

steam, 
/  =  the  temperature  of  the  original  water  in  the  calorimeter, 
/j  =  the  temperature  of  the  water  after  the  admission  of  steam  to 

the  calorimeter, 
T  =  the  temperature  of  the  steam  admitted  to  the  calorimeter, 
/  =  the  latent  heat  in  the  steam  of  boiler-pressure  : — 

then  the  heat  imparted  to  the  water  by  the  steam  will  =  W  (/^  —  /). 
The  sensible  heat  imparted  to  the  water  by  the  steam  =  w  (T  —  /J.  If 
the  portion  w  (T  —  /^ )  representing  the  sensible  heat  of  the  water  added 
by  the  condensation  of  the  steam  from  the  boiler,  be  subtracted  from 
W  (/j  —  /),  representing  the  total  heat  given  to  the  water  in  the  calorimeter, 
the  remainder  will  be  the  heat-units  used  for  evaporation  in  the  steam  at  boiler- 
pressure,  which  divided  by  the  latent  heat  of  steam,  /,  will  give  the  weight 
of  water  in  lbs.  which  the  heat  of  steam  of  that  pressure  will  evaporate. 
Representing  the  weight  of  water  in  lbs.  by  Xt  then 

X  =  W(/,  -/)-7/>(T-/J 

/ 

« 

If  E  =  the  heating  efficiency  of  the  steam  supplied,  compared  with 
saturated  steam  between  the  same  limits  of  temperature,  H  =  the  total 
heat  of  the  steam  at  the  observed  pressure,  and  Q  =  the  quality  or  dryness 
of  the  steam  : — ^Then 


or 


0-i_(H-/J(i-K) 


Then  when  Q  is  less  than  i,  the  percentage  of  moisture  in  the  steam  is 
=K  ICO  (i—  Q).  When  Q  is  greater  than  i,  the  number  of  degrees  that 
the  steam  is  superheated  =  2*0833  /  (Q  —  i). 

Latent  Eeat. — ^When  a  solid  body  is  heated  and  ultimately  passes 
into  the  liquid  state  under  the  influence  of  heat,  the  temperature  of  the 
body  rises  until  it  reaches  the  melting  point,  when  the  temperature  remains 
constant  whatever  the  intensity  of  the  heat  may  be,  and  the  heat  thus 
absorbed  by  the  body  in  changing  its  condition  becomes  latent,  and  is  not 
sensible  to  the  thermometer,  its  only  effect  being  to  maintain  the  body  in 
its  liquid  state.    This  is  called  the  latent  heat  of  fusion  or  liquefaction,  and 
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represents  the  number  of  units  of  heat  absorbed  by  i  lb.  of  the  solid  in 
passing  to  the  liquid  state ;  when,  on  the  contrary,  the  liquid  passes  into  the 
solid  state,  the  latent  heat  is  disengaged  or  restored.  Every  body,  under 
the  same  pressure,  solidifies  at  a  fixed  temperature,  which  is  the  same  as 
that  of  fusion  or  liquefaction,  and  the  temperature  remains  constant  during 
solidification. 

The  Latent  Eeat  of  a  Non-Metallio  Substance  may  be  found  by 
M.  Person's  Rule :  Subtract  the  specific  heat  of  the  substance  in  its  solid 
state  from  the  specific  heat  in  its  liquid  state,  and  multiply  the  remainder 
by  the  number  of  the  degrees  Fahrenheit  of  the  melting  point,  plus  256. 
The  product  is  the  latent  heat  of  fusion  or  liquefaction  in  heat  units. 


Table  12. — Latent  Heat  of  Fusion  or  Liquefaction  of  Solid 

Bodies. 


Descnption  of  Substance. 


Ice  . 

Chloride  of  calcium 

Phosphate  of  soda 

Phosphorus 

Spermaceti 

Wax    . 

Sulphur    . 

Nitrate  of  soda     . 

Nitrate  of  potass 

Tin      .        .        . 

Cadmium 

Bismuth 

Lead 

Zinc    . 

Silver 

Cast-iron 

Platinum  . 

Mercury 


Latent  Heat  in 
Units  of  Heat. 


142*6 

7yo 

I20*0 

90 

148-0 

175-0 

i7"o 
1130 
85-0 
256 
25-6 

22*7 

9-86 
50*60 

37'90 
233-00 

46*00 

36-00 


Authority. 


Person. 


Clement. 


>» 
)» 


The  latent  heat  of  water  is  142*6,  or  in  round  numbers  143  units  of 
heat,  being  the  number  of  units  of  heat  absorbed  by  ice  during  the  process 
of  melting ;  the  amount  of  heat  thus  absorbed  would  have  raised  the  same 
weight  of  water  143  degrees.  Hence  to  melt  one  pound  of  ice  requires  as 
much  heat  as  would  raise  143  lbs.  of  water  i  degree  Fahr. 

The  Temperature  resnltuig  frovL  a  Mixture  of  Water  of  different 
Temperatures  may  be  found  by  this  Rule:  Divide  the  sum  of  the 
products  of  the  weight  in  Ibs.of  each  quantity  of  water  by  its  temperature, 
by  the  weight  of  the  mixture  m  lbs.    Example  :  If  30  lbs.  of  water  at  33* 
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Fahr.  be  added  to  40  lbs.  of  water  at  212^1  what  will  be  the  temperature  of 
\he  mixture  ?    Then 

30  lbs.  X  32°  =    960       Thermal  units  in  the  ist  quantity  of  water. 
40  lbs.  X  212°  =  8480       Thermal  units  in  the  2nd  quantity  of  water. 

9440  -7-  40  lbs.  +  30  lbs.  =.211?-=    i34°-85  Fahr., 


the  temperature  of  the  mixture. 

The  Temperatnre  retralting  from  a  miztnre  of  Zee  and  Water 

may  be  found  as  follows:    To  melt  one  pound  of  ice  will  absorb  143 
thermal  units^  that  being  the  latent  heat  of  water.     Then  let 

I    =  the  weight  of  ice  in  lbs. 
W  =  the  weight  of  water  in  lbs. 
T  =  the  temperature  of  the  water. 

The  resulting  temperature  =liit3z:3j)-!lJ_>l]^) 

Example :  If  10  lbs.  of  ice  be  mixed  with  10  lbs.  of  water  at  212°  Fahr., 
what  is  the  resulting  temperature?  Then  143— 32=111  x  10=1110  and 
212x10=2120— 1110=1010-5-20  lbs.=50°*5  Fahr.,  the  temperature  cf  the 
water. 

The  Weight  of  Zee  to  be  added  to  Water  to  Cool  or  lower  its 
Temperature  may  be  found  as  follows : — 

Let  T®=lhe  temperature  of  the  water  to  be  cooled. 

t°=lhe  temperature  the  water  requires  to  be  cooled  down  to, 
W=the  weight  of  water  in  lbs.  to  be  cooled. 

Weight  of  ice  =  -C^-Zl^-l^- 
^  (i43-32)  +  t. 

Example:  How  many  pounds  of  ice  must  be  mixed  with  10  lbs.  of  water 
at  212°  Fahr.,  to  obtain  water  at  a  temperature  of  50°' 5  Fahr.?    Then 

2i2°-5o°-5=i6r5and=^^^^^'? — =^^15=  10  lbs.  of  ice. 

(143- 32)  +  50'5     161-5 

The   Temperature  resulting  from  miTJug  Mereury  with  water 

may  be  found  as  follows,  when  the  temperature  of  the  mercury  is  less  than 
that  of  the  water : — 

The  specific  heat  of  water  is  i. 
The  specific  heat  of  mercury  is  '033. 
T=the  temperature  of  the  water. 
t=the  temperature  of  the  mercury. 

T— t 

The  temperature  of  the  mixture  will  be= -H  t. 

I  +  '033 

Example :  If  1  lb.  of  mercury  at  52°  Fahr.  be  placed  with  i  lb.  ok  water 
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212^^— C2^         l6o 

212°  Fahr.,  what  is  the  resulting  temperature  ?    Then  5_= =s 

i-h-033      1033 

154*8+  52°=  2o6-8°  Fahr.,  the  temperature  of  the  mixture. 

When  the  temperature  of  the  mercury  is  greater  than  that  of  the  watery 
the  temperature  of  the  mixture  may  be  found  as  follows; — Every  30*3 
degrees  given  up  by  the  mercury  will  only  heat  the  water  i  degree,  and  the 
difference  of  the  temperatures  of  the  mercury  and  the  water  divided  by 
30*3 -f  I,  and  added  to  the  temperature  of  the  water,  will  give  the  tempera- 
ture of  the  mixture. 

Example  i :  If  i  lb.  of  mercury  at  212°  Fahr.  be  placed  with  i  lb.  of 
water  at  52°  Fahr.,  what  is  the  resulting  temperature  ? 

Then  212—52=160,  and  ^-^  =:5°ii  +  52-°=57°'ii  Fahr.,  the  tempera- 

ture  of  the  mixture. 

Example  2  :  If  1  lb.  of  mercury  at  212°  Fahr.  be  placed  with  10  lbs.  of 
water  at  42°  Fahr.,  what  is  the  resulting  temperature } 

Then  212— 42  =  170,  and ^^^^-n— ='54  +  42 =42°-54  Fahr., the tem- 

31-3x10  lbs.      ^       -••      -^     ^T 

perature  of  the  mixture. 

Example  3 :  How  much  mercury  at  a  temperature  of  212°  Fahr.  will  be 
required  to  melt  20  lbs.  of  ice  ? 

Then  143  latent  heat  of  water  X  20  lbs.=286o,  and 

2i2°x -033  specific°heat  of  mercury  =  ^"""^'^  ''^^-  ^'^  '""^"'y- 

Laws  of  Expansion  of  Metals  by  Eeat. — Metals  expand  equally  in 
all  directions,  only  when  of  uniform  homogeneous  texture,  free  from 
laminations  and  impurities.  The  rate  of  expansion  is  not  constant  for 
each  metal,  but  varies  with  its  mixture ;  for  instance,  four  different 
mixtures  of  gun-metal,  heated  to  the  same  temperature,  were  found  to 
expand  respectively  per  degree  of  heat  =  '000010461,  '000010576, 
•000010645,  '000010783.  The  expansion  of  a  metal  is  greatest  when  it  is 
pure  and  homogeneous,  less  when  it  is  fibrous  or  porous,  and  least  when  it 
is  either  in  a  burnt  or  rotten  state.  When  a  metal  has  coarse  fibres,  the 
expansion  will  be  greater  along  than  across  its  fibres. 

Expansion  is  increased  by  rolling,  or  compressing  the  metal,  as  it  closes 
the  pores  and  makes  the  texture  of  the  metal  more  uniform.  The  amount 
of  force  exerted  by  heat  and  cold  in  the  expansion  and  contraction  of  a 
metal,  is  equal  to  that  which  would  be  required  to  stretch  or  compress  it 
to  the  same  extent  by  mechanical  means. 

The  Expansion  of  Metals  for  every  degree  Fahr.,  of  increase  of 
temperature,  is  frequently  taken  at  six  parts  in  one  million  parts  for  cast 
iron,  that  is  6  inches  in  a  length  of  one  million  inches :  at  7  for  wrought 
iron :  8  for  steel  not  tempered  :  9  for  brass :  10  for  tempered  steel :  12  for 
tin  and  lead. 

Example:  If  a  bar  of  wrought  iron,  10  feet  long,  be  heated  from 
62*  Fahr  to  212*^  Fahr.  required  the  length  due  to  expansion  by  heat 
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Then  212°  —  62°  =  150  degrees  increase  of  temperature,  and  150°  x  7 

=  1050  inches  increase  of  length  due  to  expansion  in  a  length  of  one 

.„.  .  ,  J  1050  X  10  feet  X  12  inches  .  ^.  ,  ^,  ,,..  , 
Qilhon  inches,  and  — ^ — =  '126  inch  the  additional 

ICXXDOOO 

length  of  the  bar  due  to  expansion  by  heat. 

Example  2 :  A  multitubular  boiler  is  10  feet  long,  the  plates  are  wrought- 
iron,  the  temperature  of  the  bottom  of  the  shell  is  238°  Fahr.,  and  that  of 
the  remainder  of  the  shell  308°  Fahr.  If  the  difference  between  the  expan- 
sion of  the  top  and  bottom  of  the  shell  be  apportioned  at  |th  for  compression 
on  the  top  of  the  shell  and  J  for  tensile  strain  on  the  bottom  of  the  shell : 
— How  much  will  the  elOngation  be,  in  parts  of  the  length  of  the  boiler  ? 

Then  taking  the  temperature  of  the  air  outside  the  boiler  at  58°  Fahr. 

The  expansion  of  the  top  of  the  boiler  will  be 

=  (308^58°)  _x  7_  X  120  inches  long  ^  .^  ,00  inch. 

ICOOOOO 

The  expansion  of  the  bottom  of  the  boiler  will  be 

_  (238^  -  58^)  X  7  X  120  inches  long  _  .         .^^^^^ 

lOOOOOO 

Leaving  a  difference  of -2100  — -1512    .        .     = '0588  inch. 

Then  '0588  -r-  4  =  •0147,  the  allowance  for  the  compression  of  the  top- 
plates,  and  '0147  X  3  =  0441,  the  allowance  for  the  tensile  strain  on  the 
bottom-plates. 

Then  '0441  -I-  '1512,  the  expansion  of  the  bottom  plates  =  -1953,  the 
total  expansion,  and  '1953  -7-  120  inches  length  of  boiler  =  -00162. 

The  expansion  of  a  metal-pipe  is  sometimes  employed  as  a  means  of 
automatically  working  the  valve  of  a  drain-pipe  for  draining  condensation- 
water  from  steam-pipes.  The  valve-seat  is  placed  at  the  bottom  of  the 
drain-pipe,  and  the  valve  is  held  by  iron  rods  connected  to  a  crossbar  fixed 
on  the  drain-pipe  above  the  valve.  When  the  drain  pipe  contains  steam, 
it  expands  and  closes  the  valve ;  when  it  contains  water,  the  pipe  cools  and 
recedes  from  the  valve,  and  the  water  escapes.  Taking  steam  at  212° 
Fahr.,  and  condensation-water  at  112°=  100°  difference  of  temperature, 
a  wrought-iron  pipe  10  feet  long  would  expand  =  120  inches  x  100°  x 
'00000658  =  '0789  inch. 

Average  Szpaiudon  of  Substances  by  Eeat  in  length  and  volume. 
The  results  of  experiments  by  various  authorities  are  given  in  Table  13, 
the  use  of  which  may  be  illustrated  by  the  following  examples : 

Example  i :  How  much  will  a  bar  of  average  quality  wrought-iron,  20 
feet  long,  expand  in  length  when  heated  1 50  degrees  ? 

Then  20  feet  x  12  =  240  inches  X  '00000658  x  150  degrees  = 
•23688  inch,  or  nearly  }  inch,  making  the  bar  20  feet  o\  inches  long. 

Example  2 :  How  much  will  64  cubic  feet  of  oil  expand  when  heated 
100  degrees,  and  what  would  the  volume  of  the  oil  be } 

Then  64  cubic  feet  x  -00044445  x  100  degrees  =  2*8444  cubic  feet 
the  expansion,  and  the  volume  of  the  oil  would  be  64  +  2*8444  =: 
66*8444  cubic  feet. 
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Table  13. — Linear,  Superficial,  and  Cubical  Expansion  of  Substances, 
Ac,  BY  Heat,  per  Degree  Fahrenheit,  from  32°  Fahrenheit. 

Superficial  expansion,  or  expansion  in  length  and  breadth,  is  twice  the 
linear  expansion ;  and  cubical  expansion  or  expansion  in  length,  breadth, 
and  depth,  is  three  times  the  linear  expansion. 


Description  of  Substance. 

Temperature. 
Fahr.» 

Linear 
Expansion. 

Superficial 
Expansion. 

Cubical 
Expansion. 

Permanent  gases  . 

32 — 212 

00069417 

•00138834 

•00208251 

Water       .         .        -     . 

392       572 

•00018905 

•00037810 

•00056715 

Water  .        .         .         . 

212 — 392 

•00017067 

•00034134 

•0005 1 201 

Water               .        .     . 

32—212 

•00008807 

•00017614 

•00026421 

Alcohol  and  nitric  acid  . 

32 — 212 

'OOOI5153 

•00030306 

•000454S9 

Oil 

32 — 212 

•00014815 

•00029630 

•00044445 

Turpentine  and  ether    . 

32 — 212 

•00012967 

•00025934 

•00038901 

Sulphuric  acid  .         .     . 

32 — 212 

•OOOIIII2 

•00022224 

•00033336 

Salt  solution 

32 — 212 

•00009252 

'OOO185O4 

•00027756 

Zinc,  hammered       .     . 

32 — 212 

•00001728 

•00003456 

•00051840 

Zinc,  cast 

32 — 212 

•00001636 

•00003272 

•COO49080 

Lead        .        .        .     . 

32 — 212 

•00001586 

•00003172 

•00004758 

Tin,  hammered     . 

32 — 212 

•00001508 

00003016 

•00004524 

Hard  solder      .        .     . 

32 — 212 

•00001436 

•00002872 

•00004308 

White-metal . 

32 — 212 

•00001325 

•00002650 

•00003975 

Tin,  cast  .         .         .     . 

32 — 212 

•000012 10 

•OOCO242O 

•00003630 

Compressed  gun-metal  . 

32 — 212 

•OOOOII3O 

•00002260 

•00003390 

Silver,  hammered  . 

32 — 212 

•OOOOII18 

•00002226 

•00003354 

Silver,  pure       .        .     . 

32 — 212 

•00001063 

•0000212b 

•00003189 

Copper 

32       572 

•00001095 

•00002190 

•00003285 

Copper     .         .         .     . 

32 212 

•00000958 

•OOOO1816 

•00002874 

Brass-sheets  and  plates  . 

32 — 212 

•00001078 

•00002156 

•00003234 

Brass,  cast        .         .     . 

32 — 212 

•00001047 

•00002094 

•00003141 

Phosphor-bronze  .     .     . 

32 — 212 

•00001067 

•00002134 

•00003201 

Gun-metal     . 

32 — 212 

•00001062 

•00002124 

•00003186 

Gold,  hammered       .     . 

32 — 212 

•00000837 

•00001674 

•000025 II 

Gold,  pure    . 

32 — 212 

•00000821 

•00001642 

•00002463 

Wrought-iron    .         .     . 

32—572 

•00000892 

•00001784 

•00002676 

Wrought-iron,  average  . 

32 — 212 

'OOOOO658 

•000013  16 

•00001974 

Wrought-iron,  best    .     . 

32 — 212 

•00000685 

•00001370 

•00002055 

Cast-iron 

32 — 212 

•00000630 

•00001260 

•00001890 

Malleable  cast-iron   .     . 

32 — 212 

00000636 

•00001272 

•00001908 

Cast-steel          .        .     . 

32 — 212 

•00000615 

•00001230 

'OOOO1845 

Cast-steel  castings 

32 — 212 

•00000621 

•00001242 

•OOCOI863 

Hardened  steel 

32 — 212 

•00000695 

•00001390 

•00002085 

Compressed-steel      .     . 

32 — 212 

•00000650 

•00001300 

•00001950 

Mild-steel  boiler-plates  . 

32 — 212 

•00000672 

•00001344 

•00002016 

Mild-steel  boiler-plates  ) 
Siemens-Martin,  best ) 

32—450 

•00000700 

•00001400 

•00002100 

Roman  cement         .     . 

32 — 212 

•00000800 

•00001600 

•00002400 

Bismuth 

32—212 

•00000780 

•00001560 

•00002340 

i 
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Table  13  continued, — ^Expansion  of  Substances,  <fcc. 

Description  of  Substance. 

Temperature. 
Fahr.» 

Linesur 
Expansion. 

Superficial 
Expansion. 

Cubical 
Expansion. 

j  Wire,  brass . 

32 212 

•00001074 

•00002148 

•00003222 

Wire,  iron       .         .     . 

32 — 212 

•00000745 

•00001490 

•00002235 

Mercury 

32 212 

30003334 

•00006668 

•00010002 

Glass      .         .        .     . 

392       572 

•00000665 

•00001330 

•00001995 

Glass  .... 

212 — 392 

•00000550 

•ooooiioo 

•00001650 

Glass      .        .        .     . 

32 — 212 

•00000482 

•00000964 

00001446 

Antimony    . 

32 — 212 

•00000610 

•00001220 

•00001830 

Palladium       .         .     . 

32 — 212 

•00000560 

•0000II20 

•00001680 

Platinum     . 

32—572 

•00000525 

'OOOOIO5O 

•00001575 

Platinum         .        .     . 

32 — 212 

•00000500 

•ooooiooo 

•00001500 

Marble 

32 — 212 

•00000620 

•00001240 

•00001860 

Granite  .        .        .     . 

32—213 

•00000440 

•00000880 

•00001320 

Kentish  rag-stone 

32  —  212 

•00000452 

•00000904 

•00001356 

Bath  stone      .        .     . 

32 — 212 

•00000405 

•00000810 

•OOOOI215 

_  Stock-bricks 

32 — 212 

•00000306 

•00000612 

•00000918 

Fire-bricks      .        .     . 

32 — 212 

•00000235 

•00000470 

•00000705 

Slate  .... 

32 — 212 

•00000577 

•OOOOII54 

•0000173 I 

Guttapercha  .        .     . 

25 —  60 

•00008450 

•00016900 

•00025350 

Ice      ...        . 

-I7-+3O 

•00002857 

•00005714 

•00008571 

Table  14. — Contraction  of  Wrought-Iron  on  Sudden  Cooling,  from 
THE  Experiments  of  Wrightson,  Howe,  and  others. 


Size  of  Bar  or  Wire 


Bar,  i^  inches  square 
Bar,  i\  inches  square 
Hoop,  1 1  inches  wide 
Hoop,  i\  inches  wide 
Wire,  '022  inch  thick 
Wire,  '012  inch  thick 
Wire,  -009  inch  thick 
Bar,  I  inch  square . 
Bar,  I  inch  square 
Bar,  I  inch  square 
Bar,  I  inch  square 
Tire,  6  feet  diameter 
Tire,  6  feet  diameter 
Tire,  6  feet  diameter 


Initial  length  of 
Bar  or 


(ngthc 
Wire. 


Inches. 

30*05 
30-05 

5770 
5770 
71*00 

7275 

9275 
36^00 

36-00 

36*00 

36*00 

226-25 

226-25 

22625 


Number 

of  times 

quenched. 


Tunes. 

5 

15 

5 
20 

20 

20 

5 
I 

6 

12 

20 

5 
10 

15 


Percenta^  of 
Contraction. 


Percent. 
•76 

2'26 

•61 

2-25 

•31 

•09 

•06 

•001 
•005 
•008 
•012 
•009 
•015 
•022 


Contraction  of  Wronght-iron  by  Sudden  Cooling. — If  a  bar  of 

wrought-iron  be  suddenly  cooled  from  a  bright-red  heat,  the  contraction 
which  occurs  is  considerably  greater  than  the  expansion  previously  caused 
by  heatiag  the  bar,  so  that  its  final  length  is  considerably  less  than  its 
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initial  length.  If  the  heating  and  cooling  of  the  bar  be  repeated,  say 
30  times,  a  further  permanent  contraction  occurs  at  each  successive 
cooling.  Thick  bars  contract  considerably  more  than  thin  ones,  as  will  be 
seen  from  the  results  of  experiments  given  in  the  previous  Table,  showing 
that  bars  i^  inch  square  contracted  about  seven  times  as  much  as  wire  of 
less  than  -^V  ^^^^  i^  thickness. 


GOAL    AND    OTHER    FUELS. 


Coal  is  the  product  of  the  decomposition  of  vegetable  matter,  and 
is  composed  of  carbon,  hydrogen,  oxygen,  nitrogen,  and  sulphur.  lis 
impurities  consist  of  silica,  alumina,  magnesia,  lime,  oxide  of  iron  and 
earthy  matter.  The  more  carbon  the  coal  contains  the  more  heat  it  will 
yield.  Coal  deteriorates  rapidly  by  exposure  to  the  atmosphere,  owing  to 
the  gradual  escape  of  the  constituent  gases. 

Weight  of  Coal. — Coal  in  its  natural  bed  weighs  about  80  lbs.  per 
cubic  foot,  and  in  its  broken  or  loose  state  it  averages  48  lbs.  per  cubic  foot, 
small  or  screened  coals  weigh  43  lbs.  per  cubic  foot.  Hard  coals  contain 
from  5  to  9  per  cent,  of  volatile  matter,  and  soft  coals  from  15  to  35  per 
cent,  of  volatile  matter.  Those  coals  contain  the  most  volatile  matter  which 
swell  up  and  present  a  volcanic  appearance  in  burning.  All  coals  contain 
a  certain  percentage  of  water;  and  they  yield  in  burning  from  15  to  10  per 
cent,  of  ash. 

Anthracite  Coal  is  of  homogeneous  structure  and  jet-black  colour.  It 
yields  intense  heat,  and  contains  from  90  to  95  per  cent,  of  carbon,  and 
from  5  to  9  per  cent,  of  volatile  matters.  It  ignites  with  difficulty,  makes 
hardly  any  smoke,  and  emits  no  sulphurous  fumes ;  it  burns  with  a  short 
feeble  flame,  falls  to  pieces  much  in  burning,  and  does  not  cake  ;  specific 
gravity,  1*36  to  i'6o. 

Bitnminoiui  Coals  are  lighter  than  anthracite,  and  consist  of  several 
kinds,  viz.,  clear-burning,  flaming,  and  fuliginous  coals. 

Clear-burning  Coals  are  fragile,  ignite  with  difficulty,  and  burn  slowly 
with  a  short,  clear,  bluish  flame,  and  contain  from  15  to  25  per  cent,  of 
volatile  matter.  Some  bituminous  coals,  on  being  heated,  cake,  and  others 
swell  up  and  fuse. 

Flaming  Coals  are  black  and  glossy,  ignite  with  difficulty,  and  bum 
away  rapidly  with  a  long  white  flame ;  they  contain  from  20  to  35  per  cent, 
of  volatile  matter. 

Fnliginons  Coals  ignite  easily,  and  bum  away  rapidly  with  a  long 
yellow  smoky  flame,  and  contain  upwards  of  35  per  cent,  of  volatile  matter. 

Semi-bitnminons  Coals  are  of  dull-black  colour,  with  from  10  to  20 
per  cent,  of  volatile  matter,  do  not  cake,  and  bum  with  greater  flame  than 
anthracite. 

Bituminous  or  Gaseous  Coals  are  hard  and  strong,  of  dull  lustre 
and  brownish-black  colour. 

IVewoastle  Coal  is  a  flaming  coal,  it  burns  faster  and  makes  more 
smoke  than  Welsh  coal.  In  order  to  obtain  the  same  evaporative  economy, 
shorter  fire-grates  are  required  in  burning  Newcastle  or  long  flaming  coal^ 
than  for  a  coal  containing  a  less  quantity  of  volatile  ingredients,  such  as 
Welsh  coaly  because  the  generation  of  heat  is  spread  over  a  greater  length 
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of  surface  by  the  long  flame  of  the  flaming  coal,  than  ihe  short  flame  of 
Welsh  coal.  The  furnace-bars  should  be  spaced  wider  apart  for  Welsh 
coal  than  for  Newcastle  coal,  as  it  requires  more  air. 

CompoBition  of  CoaL — The  average  composition  of  several  kinds  of 
coal  is  given  in  the  following  Table  : — 

Table  15. — Composition,  Weight,  &c.,  of  Coal. 


Constituents,  ftc. 


Carbon,  per  cent.  .        . 

Hydrogen 

Oxygen  .... 

Nitrogen 

Sulphur         .... 
Ash  .        .        . 
Specific  gravity     . 
Weight  of  a  cubic  foot  in 

lbs.  in  solid  state  .        .    . 
Weight  of  a  cubic  yard  in 

tons,  in  solid  state     . 
Average  bulk   of  one    ton, 

heaped,  in  cubic  feet 


Anthra- 
cite 
Coal. 


How  it  boms        • 

I  Draught  required 
Quantity  of  smoke 


■\ 
•1 
•I 


92*00 
3-8o 
I '00 

I'OO 

•70 

I 'SO 
x"37 

85-60 
1*031 

With 
diffi- 
culty. 

Quick. 
None. 


Aber- 

dare 

Coal. 


1 


88*28 

424 
1*65 
x-66 

3*a6 

X*33 

8a '50 
•994 

4a 

Slowly. 

Quick. 

Scarcely 
any. 


Welsh 
Coal. 


New- 
castle 
Coal. 


86*26 
4*66 
a '60 

I '45 

>*77 
3*26 

1*31 
8z'9o 
•987 

43 
Sluwly. 

Quick. 

Very 
little. 


83-60 
5"28 

4-65 

1*23 

4*00 

1*25 

78*10 


Lanca- 
shire 
Gal. 


Derby- 
shire 
Coal. 


York- 
shire 
Coal. 


80*70 

550 

8.48 

1*13 
1*50 
2*70 
1*27 

79*40 


•94 »    '       '957 
46  AS 

Quickly  Quickly 


Ordi 
nary. 

Large. 


Ordi- 
nary. 

Large. 


8o*uo 

4-85 
9*90 

I  35 
i*io 
2*30 
1-30 

81-30 

•978 

44 
Quickly 

Ordi- 
nary. 

Large. 


79-90 
4-83 

lO'IO 

1*40 
i-oo 

2-77 

x-29 


Scotch, 
CoaL 


79*50 

5-58 

8-33 
1*14 

x*45 
400 
x-26 


8o"6o        78*70 

I 

•972    I       -948 


Ai'S       I  45*5 
Quickly 
and 
cakes. 


Brisk. 
Large. 


Quickly 


Ordi- 
nary. 
Very 
large. 


The  Specific  Gravity  of  Coal  may  be  ascertained  as  follows  :  suspend 
from  the  under  side  of  the  pan  of  a  weighing-balance  a  piece  of  coal  by 
means  of  a  horse  hair,  and  weigh  it  both  in  and  out  of  water,  divide  its 
weight  in  the  air  by  the  loss  of  weight  when  in  the  water,  and  the  quotient 
will  be  the  specific  gravity. 

J5U:a/w//^  .•  A  piece  of  coal  weighs  ....  561  grains 
Its  loss  of  weight  when  weighed  in  water  is  .  .  .  445  grains 
Then  561-7- 44 5=1*26  specific  gravity  of  the  coal  compared  with  water. 

Table  16. — Weight  of  Coal. 


Specific  Gravity. 

Weight  of  Coal  in  the 

Natural  Bed,  per 
Inch  thick  per  Acre. 

Weight  of  a  Cubic  Foot  of  Loosb 
Coal. 

Lar:ge  Coal.                Small  Coal. 

I'lO 

ri5 

I'20 
1*25 

1-30 

1-35 
1*40 

1-45 
1-50 

Tons. 
111-25 

116-53 
121-76 
126*84 
131-92 

136-59 

141-95 

14675 
152-00 

lbs. 

43 
45 

47 

4Q 

51 

53 
55 
57 
59 

lbs. 

38 

39 
41 

43 
44 
46 
48 

49 
51 

E  2 
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The  Weight  of  Coal  in  its  natural  bed,  per  inch  in  depth  per  acre- 
allowing  for  loss  in  working — available  in  a  given  area  of  seam  is  approxi- 
mately equal  to  the  weight  of  the  same  surface  and  depth  of  rainfall,  or 
about  lOO  tons  per  acre;  and  the  weight  in  tons  of  an  acre  of  coal  i  inch 
thick  is  approximately  equal  to  loo  times  its  specific  gravity. 

The  Heating  Power  of  CoalSf  or  their  average  evaporative  power  in 
pounds  of  water  from  212''  converted  into  steam  by  i  lb.  of  coal,  is  as 
follows : — 

Anthracite  coal 9*10 

Bituminous  clear-burning  coal 916 

Bituminous  flaming  coal 8*  10 

Bituminous  fuliginous  coal 8*  10 

Semi-bituminous  coal 900 

Gaseous  coal 620 

Warlich's  Patent  Fuel  is  a  mixture  of  small  coal  i  ton,  tar  10  gallons, 
or  242  lbs.,  moulded  into  blocks  and  baked  at  a  temperature  of  800°  Fahr, 
for  ten  hours ;  the  blocks  in  baking  lose  5  per  cent,  of  their  weight. 

Wylam's  Fuel  is  a  mixture  of  small  coal  or  slack  92  parts,  finely 
ground  dry  pitch  8  parts.  The  mixture  is  forced  with  an  Archimedean 
screw  through  a  retort  maintained  at  a  dull  red  heat,  and  afterwards  moulded 
under  pressure  into  blocks. 

Mesaline's  Fuel  is  a  mixture  of  finely  ground  small  coal  and  pitch;  during 
the  process  of  grinding  it  is  softened  by  superheated  steam.  Fuel  prepared 
in  this  way  loses  4  per  cent,  of  its  weight  when  exposed  to  a  high  temperature. 

Barker's  Fuel  is  a  mixture  of  one  ton  of  small  coal,  thirty  gallons  of 
farina-mucilage — consisting  of  farina  i  part,  water  4  parts,  and  a  small 
quantity  of  carbolic  acid — and  a  small  quantity  of  powdered  pitch.  The 
mixture  is  baked  for  9  hours  at  a  temperature  of  300''  Fahr. 

Holland's  Fuel  is  a  mixture  of  small  coal,  lime  and  cement;  hence  it 
makes  when  burnt  a  considerable  quantity  of  ash. 

Penrose  and  Bichard's  Patent  Coke  is  a  mixture  of  60  per  cent,  of 
anthracite,  35  per  cent,  of  bituminous  coal,  and  5  per  cent,  of  pitch,  ground 
and  mixed  together ;  the  yield  of  coke  is  80  per  cent,  of  the  weight  of  the 
charge.  This  coke  is  very  hard,  of  steel-grey  colour,  and  is  about  23  per 
cent,  heavier  than  Welsh  coke. 

Weight  and  Bulk  of  Coal. — The  weight  of  a  cubic  foot  of  heaped  coal 
I'aries  from  44  to  58  lbs.  The  average  weight  of  a  variety  of  different  coals 
was  found  to  be  50  lbs.  per  cubic  foot. 

Weight  of  Coke. — The  weight  of  a  cubic  foot  of  heaped  coke  is  30  lbs. 

The  Bulk  of  one  ton  of  Heaped  Coal  varies  from  37  to  50  cubic  feet. 
The  average  bulk  is  45  cubic  feet  per  ton. 

Coal  of  meditim  density  averages  i^  cubic  yards  per  ton  heaped. 

Feat  of  meditim  density  averages  8  cubic  yards  per  ton  heaped. 

The  bulk  of  one  ton  of  heaped  coke  averages  80  cubic  feet. 

The  Admiralty  allowance  for  the  Bulk  of  Coal  equals  40  cubic  feet 
per  ton  of  2240  lbs.,  and  48  cubic  feet  per  ton  of  2700  lbs. 

Patent  Fuels  are  lighter  than  coal.  The  average  weight  is  74  lbs. 
per  cubic  foot  solid,  and  65  lbs.  per  cubic  foot  heaped.  The  bulk  of  one 
ton  of  patent  fuel  heaped  averages  35  cubic  feet. 
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The  stowagre-capMilT  of  Patent  Fuels,  Uqaid  Fnela,  and  Btoroa 
is  given  in  the  following  table : — 

Table  17. — Weight  and  Specific  Gravitv  of  Patent  Fuels, 
Liquid  Fuels,  and  Stores. 


Dscriplon. 

Cub'IJ  F^. 

Ste 

ij^ 

Wylam's  patent  fuel    . 

Lyon's 

Bell's 

Livingstone's 

Warlich's 

Holland  &  Green's         .         .     . 
Vinegar  distilled  weighs      . 
Milk      .        .         .        .        .     . 

Fresh  water        .... 

Wine 

Tallow 

Linseed  oil 

Ice 

Rape  seed  oil  and  whale  oil    .     . 
Alcohol,  proof  strength 

Olive  oil 

Gunpowder,  average   . 

Petroleum 

Turpentine         .... 

Naphtha 

Cotton  waste     .... 

Lfa>. 

68 '8 
706 

71-2 
71-2 

71-9 

8l3 

68 

643 

62-425 

62 

Ih 

58 

57-» 

III 
S4-9 
if 
SJI 
11 

■8;, 

;8s8 

•867 
■978 

no 
113 
114 
114 
115 
i-jo 
I  009 
1030 
rooo 
■993 
■950 
■940 
■930 
■920 
■920 
•9.5 

■870 
■850 
■170 

Dry  Fine  Wood  requires  no  cubic  feet  to  slow  one  ton,  and  weighs 
ji  lbs.  per  cubic  foot. 

Bulk  of  Onnpoivder,  cubical  contents  of  100  lbs.  weight  of 
gnnpK)wder=f774  cubic  feet,  or  3064  cubic  inches. 

The  Quantity  of  Coal  a  Bunker  will  contain  may  be 
found  by  this  Jiule :  Multiply  the  length,  width,  and  depth,  in 
feet  together,  and  the  product  will  be  the  contents  of  the 
bunker  in  cubic  feet,  then  divide  by  45,  the  number  of  cubic 
feet  in  a.  ton  of  coal  of  average  bulk,  and  the  quotient  will  be 
tlie  quantity  in  tons  which  the  bunker  will  contain.  The 
section  of  a  coal-bunker  is  shown  in  Fig.  16. 

When  the  cubical  contents  in  feet  and  two  dimensions  only 
are  given  to  find  the  third — 

The  Length  of  aBnnhermay  be  found  by  dividing  the 
cubical  contents  in  feet  by  the  product  of  the  breadth   and      ctif'binJta. 
height  in  feet. 

The  Width  of  a  Bnnher  may  be  found  by  dividing  the  cubical 
contents  in  feet  by  the  product  of  the  length  and  height  in  feet. 
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The  Height  of  a  Bunker  maybe  found  by  dividing  the  cubical  contents 
in  feet  by  the  product  of  the  length  and  width  in  feet. 

The  Cubical  Contents  or  Space  required  in  Cubic  Feet  to 
contain  Coal  may  be  found  by  multiplying  the  number  of  tons  by  45. 

Example  i ;  Required  the  quantity  of  coals  contained  in  a  coal  bunker 
16  feet  long,  8  feet  wide,  and  7  feet  6  inches  high. 

Then  16  X  8  X  7*5  =  960  -5-  45  =  21  tons,  6  cwt.,  2  qr.,  12  lb.  of 
coal. 

Example  2  :  Required  the  quantity  of  coals  contained  in  a  coal-bunker 
20  feet  long,  10  feet  deep,  7  feet  wide  at  the  top,  and  5  feet  wide  at  the 
bottom.  First  find  the  mean  width  by  adding  the  two  widths  together  and 
dividing  by  two.  Then  7  +  5  =  12-5-2  =  6  the  mean  width  and  20  X 
10  X  6  =  1200  4-  45  =  26  tons,  13  cwt.,  o  qr.,  23  lbs.  of  coal. 

Example  3  :  A  coal-bunker  is  required  8  feet  wide  and  6  feet  deep, 
what  length  should  it  be  to  hold  20  tons  of  coal  ?  To  find  the  length 
divide  the  cubical  contents  by  the  product  of  the  width  and  height.  Then 
8  X  6  =  48,  and  20  tons  x  45  cubic  feet  =  900  -7-  48  =  18  feet  9  inches, 
the  length  required. 

Practical  Analysis  of  Coal.* — The  sample  should  represent  an 
average  of  the  whole  quantity — no  less  than  one  pound  can  be  used. 
This  must  first  be  ground  in  an  iron  mortar  and  sifted  through  a  fine  sieve. 
What  remains  must  again  be  ground  and  sifted  until  all  passes  through. 

Estimation  of  Water. — Weigh  off  three  grammes  of  the  powdered 
sample,  and  heat  in  an  air-bath  at  i20°C.  for  twenty  minutes;  then  weigh 
Xafter  cooling).  Afterwards  heat  up  again,  weighing  every  ten  minutes  until 
the  weight  is  constant.     Then  the  loss  in  weight  =  water. 

Bituminous  coals  increase  in  weight  by  oxidation  during  the  heating,  so 
too  great  care  cannot  be  exercised  in  this  part  of  the  analysis. 

Unless  the  percentage  of  water  is  specially  desired  it  need  not  be  re- 
garded. Under  all  circumstances  it  is  best  to  calculate  all  results  in  the 
dry  material,  for  which  purpose  heat  up  the  sample  for  forty  minutes  and 
place  in  a  desiccator  to  cool. 

Volatile  and  Combustible  Material. — Place  the  dry  sample  in  a 
weighing  flask.  Deliver  from  it  o'500g.  coal  into  a  porcelain  crucible,  and 
heat  for  ten  minutes  over  the  strongest  Bunsen  burner,  the  crucible  being 
kept  covered  all  the  time.     Cool  and  weigh. 

Loss  =  volatile  and  combustible  material  -f  \  the  sulphur  of  the 
FeSj. 

Fixed  Carbon. — Take  from  the  weighing  flask  about  o*5oogr.  and  place 
it  in  a  tarred,  open  platinum  dish.  Heat  gently  at  first  over  Bunsen  burner, 
then  more  strongly,  and  finally  at  highest  heat,  until  all  the  carbon  is 
burned  off. 

Loss  =  volatile  matter  -f  ^  S  +  F.  carbon.  The  difference  is  the  fixed 
carbon.    The  residue  =  ash. 

Examine  ash  closely  as  to  colour  and  texture. 

Sulphur. — Oxidize  2g.  of  coal  with  20c.  c.  fuming  nitric  acid  and  \g, 
chlorate  of  potash  in  a  porcelain  dish.  Cover  with  inverted  funnel  for  two 
hours  at  a  very  low  heat,  bring  on  to  a  filter,  wash  w-ith  boiling  water,  and 
precipitate  with  BaCl^.    Wash  the  precipitate  in  acetate  of  ammonia  by 

*  See  an  article  by  Mr.  A.  K.  Glover,  in  the  **  Scientific  American." 
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boiling  up  with  it  and  decanting  several  times.    From  the  BaSo^  calculate 
ihe  sulphur. 

Esthnation  of  Total  Carbon  and  Available  Hydrogen. — ^Employ  a 
hard,  infusible  glass  combustion  tube  40cm.  long  and  about  15mm.  in 
diameter,  drawn  to  a  point.  Fill  one-third  the  length  with  dry  fused 
chromaie  0/  lead  finely  powdered.  Then  by  means  of  a  small  delivery  tube 
insert  o'2oog.  of  coal  into  the  combustion  tube.  Mix  well  the  coal  and 
chromate  by  means  of  a  wire  stirrer,  and  finally  add  more  chromate, 
stirring  still,  until  the  tube  is  filled  to  the  extent  of  35cm.  At  the  anterior 
end  place  a  thick  coil  of  copper  gauze,  to  decompose  the  nitrous  oxide 
that  may  be  formed.  Then  attach  a  chloride  of  calcium  tube,  carrying  two 
bulbs,  to  the  tube  by  rubber  cork.  To  the  chloride  of  calcium  tube  attach 
a  U  tube  containing  nitrate  of  lead,  to  catch  the  sulphurous  acid  formed, 
and  lastly  the  potash  bulbs  filled  with  strong  caustic  potash.  Proceed 
carefully  as  in  any  other  delicate  organic  analysis,  keeping  the  copper 
gauze  at  a  bright  red  heat.  The  posterior  part  of  the  chromate  should  be 
heated  the  hottest.  From  the  increase  in  weight  of  the  potash  bulbs  calculate 
the  total  carbon  (fixed  and  volatile)  and  from  the  CaCl,  tube  the  hydrogen. 

Never  use  more  than  o'250g.  of  coal.  In  coals  carrying  as  high  as  20 
per  cent,  of  volatile  material  o'loog.  is  suflficient.  Too  much  care  in  using 
dry  chromate  of  lead  cannot  be  exercised,  otherwise  too  much  hydrogen 
will  be  set  down  for  the  coal. 

Keating  Power  of  Carbon  and  Hydrogen. — ^Taking  as  a  heat-unit 
the  heat  necessary  to  raise  the  temperature  of  one  pound  of  water  through 
one  degree  centigrade,  one  pound  of  carbon  (C)  in  burning  to  carbonic 
acid  (CO a)  disengages  8080  thermal-units:  and  one  pound  of  hydrogen 
(H)  in  burning  to  water  (H^O)  disengages  34,460  thermal-units.  Hence 
the  following  approximate  Rule  for  finding  the  heating  power.  For  a  more 
exact  Rule  see  p.  57. 

Valuation  in  Keating  Power. — Multiply  the  percentage  of  total 
carbon  by  8080,  and  the  available  hydrogen  by  34,460.  Divide  each  result 
by  100,  and  add  together. 

Example:  Required  the  heating  power  of  coal  containing  80  per  cent, 
carbon  and  5  per  cent,  hydrogen. 

Then  (80  x  8080)  +  (5  x  34,460) 

100 
6464*00 
1723*00 


8187*00  =  calorific  or  heating  power. 

If  the  English  unit  of  heat,  or  the  heat  necessary  to  raise  the  temperature 
of  one  pound  of  water  through  one  degree  Fahr.,  be  taken  as  the  heat  unit 
instead  of  that  given  above,  then  the  multiplier  for  the  above  Rule  will  be 
14,500  for  the  carbon,  and  62,535  ^^^  ^^^  hydrogen 

As  a  further  means  of  comparison,  it  is  often  advisable  to  record  the 
amount  of  coke  yielded  by  a  given  sample.  The  coke  is  the  difference 
between  100  per  cent,  and  the  volatile  matter.  Beyond  the  above  analysis 
nothing  is  wanted  to  enable  a  right  judgment  to  be  formed  as  tQ  the  valu^ 
of  a  sample  of  coalp 
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COMBUSTION. 

Combustion  is  the  chemical  combination  of  substances — ^principally 
carbon  and  hydrogen — ^with  oxygen,  the  supporter  of  combustion,  attended 
with  the  evolution  of  heat  and  light. 

The  chief  constituents  of  coal  are  carbon  and  hydrogen,  neither  of  which 
can  be  consumed  while  they  remain  united,  the  carbon  or  carbonaceous 
portion  is  combustible  only  in  its  solid  state,  and  the  hydrogen,  or  bitumi- 
nous portion  is  combustible  only  in  the  gaseous  state. 

Carbon  is  perfectly  consumed  when  combined  with  2*666  parts  of  oxygen 
to  form  carbonic  acid  gas,  and  partly  consumed  when  combined  with  one- 
half  that  quantity  of  oxygen  to  form  carbonic  oxide  gas  or  smoke. 

Hydrogen  is  the  lightest  body  known :  it  is  14I  times  lighter  than  air. 
It  is  the  main  element  in  the  gas  evolved  from  burning  coal,  and  its  com- 
bustion produces  flame.  Hydrogen  in  burning  combines  with  eight  parts 
of  oxygen  to  form  nine  parts  of  water.  Bituminous  coal  contains  from  5 
to  6  per  cent,  of  hydrogen,  and  as  each  pound  of  hydrogen  in  combustion 
combines  with  8  lbs.  of  atmospheric  oxygen,  it  produces  9  lbs.  of  water  in  the 
form  of  steam ;  and  each  hundred-weight  of  coal  produces  about  50  lbs.  of 
water. 

The  gaseous  products  of  the  complete  combustion  of  i  lb.  of  fuel, 
are  as  follows : — 

I  lb.  of  carbon  unites  with  2*66  lbs.  of  oxygen  to  form  3*66  lbs.  of 
carbonic  acid. 

I  lb.  of  hydrogen  unites  with  8  lbs.  of  oxygen  to  form  9  lbs.  of  steam. 

I  lb.  of  sulphur  unites  with  i  lb.  of  oxygen  to  form  2  lbs.  of  sulphurous 
acid. 

The  sulphur  may  be  omitted  in  ordinary  calculations. 


Wben  Heat  is  applied  to  Bituminons  Coal  the  first  result  is  its 
absorption  by  the  coal  and  the  disengagement  of  gas,  from  which  flame  is 
exclusively  derivable.  The  constituents  of  this  gas  are  hydrogen  and  carbon, 
and  the  unions  form  two  gases,  viz.,  carburetted  hydrogen,  and  bi-carbu- 
retted  hydrogen  commonly  called  olefiant  gas.  These  inflammable  gases 
require  certain  quantities-  of  atmospheric  air  to  effect  their  combustion,  and 
they  are  only  combustible  in  proportion  to  the  degree  of  mixture  and  union 
which  is  effected  between  them  and  the  oxygen  of  the  air.  The  chemical 
assimilation  of  the  volatilised  coal-elements  is  retarded  by  contact  with 
cold  surfaces,  and  assisted  by  hot  surfaces.  Air  can  be  heated  instan- 
taneously, and  when  the  heating-surfaces  of  a  combustion-chamber  are 
highly  heated,  the  air  is  instantaneously  heated  to  the  same  degree  of 
tenuity  as  the  hot  gases,  they  therefore  instantly  unite  and  produce  intense 
heat.  When  a  sufficient  supply  of  air  is  not  provided  to  the  furnace,  the 
result  is  waste  of  fuel  from  the  escape  of  unconsumed  fuel,  in  the  gaseous 
and  smoky  state,  to  the  chimney.  If  the  supply  of  air  be  correctly 
regulated,  there  will  be  perfect  combustion  producing  carbonic  acid ;  but 
if  the  supply  of  air  be  deficient,  the  combustion  will  be  imperfect  and 
carbonic  oxide  will  be  produced. 

The  Heat  developed  by  Fuels  in  burning,  may  be  ascertained  by 
calculation  when  their  chemical  composition  is  known.  The  chemical 
composition  of  various  combustibles  is  given  in  the  following  Table. 
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Table  i8. — Chemical  Composition  of  Combustibles. 


Description. 

Carbon. 

Hydrogen. 

Oxygen. 

Ash. 

Coke,  average  of  25  analyses  . 

•935 

V  •  I 

... 

•065 

Charcoal,  from  wood,  avenge  . 

•925 

•  •  4 

... 

•075 

Oil  of  turpentine         .        .     . 

•882 

•118 

... 

•  ■  • 

Pine-wood  oil . 

•867 

•106 

•027 

•  •  • 

Paraffin,  or  petroleum-oil     . 

•855 

•145 

•  •  • 

•  •  • 

Petroleum,  average . 

•840 

•iio 

•050 

•  •  • 

Creosote,  or  tar-refuse 

•825 

•100 

•075 

•  •  • 

Spermaceti 

•817 

■123 

•060 

•  ■  ■ 

Beeswax     .... 

•815 

•139 

•046 

■  «  « 

Coal,  average . 

•804 

•052 

•079 

•041 

Schist  oil    . 

•800 

•117 

•083 

•  •  • 

Resin      .... 

•791 

•102 

•107 

■  •  • 

Asphalte     .... 

790 

•095 

•087 

•028 

Tallow   .... 

•788 

•118 

•094 

... 

Sperm  oil  .... 

787 

•IIO 

•103 

... 

Olive  oil         ... 

770 

•134 

•096 

... 

Lignite,  bituminous     . 

749 

•075 

•130 

•046 

Lignite,  perfect 

•690 

•050 

•202 

•058 

Lignite,  imperfect 

•602 

•053 

•290 

•055 

Peal,  perfectly  dry  . 

•600 

•060 

•300 

•040 

Peat,  dry,  average 

•570 

•060 

•320 

•050 

Peat,  dry,  medium  quality 

•460 

•050 

•437 

•C53 

Alcohol 

•520 

•135 

•345 

... 

Wood-pimps,    or    bundles    of 

w 

twigs,  dry    .... 

•510 

•060 

•400 

•030 

Wood,  perfectly  dry,  average    . 

•500 

060 

•418 

022 

Wood-bark,  dry 

•477 

•C63 

•432 

•028 

Wood,  pine,  dry          .        .     . 

•445 

•055 

•485 

•015 

Wood,  oak,  dry 

•430 

•053 

•496 

•021 

Sawdust,  dry       . 

•410 

•043 

•531 

•016 

Straw,  barley,  dry    . 

:   -380 

•054 

•510 

•056 

Straw,  wheat,  dry        .        .     . 

•360 

•050 

•540 

•050 

Straw,  oats,  dry 

•348 

•050 

•557 

•045 

Keating-Fower  of  Carbon. — One  lb.  of  carbon  burning  to  carbonic 
acid  develops  14500  units  of  heat  according  to  Peclet,  and  12906  units  of 
heat  according  to  Dulong. 

One  lb.  of  hydrogen  develops  62535  units  of  heat ;  the  heat  developed 
by  hydrogen  is  62535  -=-  14500  =  4-31  times  as  great  as  that  of  carbon. 

One  lb.  of  hydrogen  requires  8  lbs.  of  oxygen. 

Atmospheric  air  contains  20  per  cent,  of  oxygen. 

Tlie  Heat  developed  liy  a  Comlmstible,  or  its  Calorific  Foirery  may 
be  calculated  from  its  chemical  constituents  by  this  formula : — 

Units  of  heat  =  f  14500  x  percentage  of  carbon  j  +]  62535 
X  (%  hydrogen  -  °A£^)  ]  . 
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Coke  contains  "935  carbon,  but  no  hydrogen  or  oxygen  as  will  be  seen 
from  Table  18.  Therefore  coke  in  burning  will  develop  14500  x  -935 
=  13557  units  of  heat  per  lb.  of  coke;  this  is  its  maximum  calorific 
power. 

Tlie  Effect  of  Oxygen  in  a  Combustible  containing  hydrogen,  is  to 
diminish  its  heating  power.  The  oxygen  is  combined  with  the  hydrogen  in 
the  ratio  of  8  to  i  forming  water  instead  of  leaving  free  the  heat  which 
the  hydrogen  gives  off  in  burning.  When  the  quantity  of  oxygen  in  a 
combustible  is  less  than  that  ratio,  it  combines  with  one-eighth  of  its 
weight,  and  the  excess  of  hydrogen,  above  that  neutralized  by  the  oxygen, 
yields  its  proportion  of  heat,  which  may  be  calculated  in  the  following 
mann;-  ; — 

Eeauing  Power  of  Feat. — As  oxygen  requires  one-eighth  part  of  its 
weight  of  hydrogen,  the  oxygen  in  peat  will  require  one-eighth  of  its  hydro- 
gen or  •320-^8  =  '04  hydrogen,  the  hydrogen  in  the  peat  is  '06 ;  therefore, 
the  excess  of  hydrogen  available  for  yielding  heat  will  be  '06  —  '04  =  '02, 
and  the  heat  this  fuel  will  yield  will  be  as  follows  : — 

Peat  average,  carbon  =  '570  x  14500  =  8265  units 
Hydrogen  in  excess    =    '02  x  62535  =  1250  units 


9515  units  of  heat 
per  lb.  of  peat. 

Keating  Power  of  CoaL — Coal  composed  of  '804  carbon:  '05 2 
hydrogen :  "079  oxygen,  will  yield 

Carbon  '804   x  14500=11658  units 

Hyd  ogen.    Oxygen. 

Hydrogen  ('052  ^—I~  J=*0422  x  62535=  ^^39  ^^^^s 

14297  units  of  heat 
per  lb.  of  coal :  its  maximum  calorific  power. 

Heating  Power  of  Sawdust. — Sawdust  in  burning  requires  large 
fire-grate  surface,  the  grate-bars  should  be  placed  low,  and  thin  grate-bars, 
having  narrow  spaces  between  them,  should  be  used.  A  thick  layer  of  saw- 
dust should  be  kept  on  the  bars  which  will  develop  the  following  quantity 
of  heat : — 

Sawdust  when  in  a  dry  state,  on  an  average  is  composed  of  '410  carbon; 
an  1  I  lb.  of  hydrogen  for  each  8  lbs.  of  oxygen ;  and  as  the  hydrogen  is 
thus  neutralised  by  the  oxygen,  it  develops  no  heat.  Hence  sawdust  will 
yielJ:  carbon  -410  X  14500  =  5945  units  of  heat  per  lb.  of  sawdust,  its 
maximum  calorific  power. 

Keating  Power  of  Liquid  Fuel. — Petroleum-oil  is  largely  used  for 
this  purpose. 

Paraffin  or  petroleum-oil,  composed  of  "SSs  carbon  and  '145  hydrogen, 
will  yield — 

Carbon      -885  x  14500  =  12832  units 
Hydrogen  -145  x  62535  =   9067  units 

21899  units  of  heat  per  lb.  of  oil, 
its  maximum  calorific  power, 
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The  heating  power  of  petroleum,  it  will  be  seen  from  the  above,  is  more 
than  50  per  cent,  greater  than  that  of  coal. 

Creosote-oil,  or  residue  from  the  distillation  of  tar,  is  also  used  as  liquid 
fuel.  Its  composition  is  given  in  Table  18;  its  calorific  power  is  less 
than  that  of  petroleum-oil.  Creosote-oil  is  liable  to  crystallize  at  tempera- 
tures below  120°  Fahr.,  and  it  is  necessary  to  place  a  small  steam-pipe 
inside  the  pipe  through  which  the  oil  flows  when  using  it  as  liquid  fuel. 

GajieoTtB  Fuel. — ^The  composition  of  average  coal-gas  is  as  follows : — 

Hydrogen 51*00 

Marsh-gas 35*30 

Carbon  oxide 7*58 

defines 3*55 

Nitrogen 2*27 

Oxygen '30 


lOO'OO 

Tlie  Ma»iinnni  Keating-Power  of  Average  Coal-Gae  has  been 
found  by  experiment  to  be  700  heat-units  per  cubic  foot  of  gas.  The 
heating  power  of  ordinary  i6-candle-power  coal-gas  is  630  units  of  heat  per 
cubic  foot.  As  30  cubic  feet  of  coal-gas  at  62°  Fahr.  =  i  lb.,  the  maximum 
heating  power  of  i  lb.  of  coal-gas  is  700  x  30  =  21000  heat-units,  or  more 
than  50  per  cent,  greater  than  that  of  coal  of  average  quality. 

Table  19. — Quantity  of  Gas  in  Cubic  Feet  obtained  from  Coal. 


Specific 

Cubic  feet  of  Gas 

Weight  in  Ihs. 

Description  of  Coal. 

gravity  of 

obtained  per  ton 

of  Gas  per  ton 

Gas. 

of  Coal. 

of  Coal. 

Boghead         .... 

752 

15000 

866 

Capeldrae 

'577 

14400 

638 

Lesmahago     .... 

•618 

13200 

627 

Amiston 

•626 

12600 

606 

Newcastle       .... 

•475 

1 1648 

423 

Welsh 

737 

II424 

645 

Pelaw 

•444 

11424 

389 

Pelton 

•437 

II424 

387 

Bickerstaff,  Liverpool 

•475 

II424 

415 

Wigan 

•528 

1 1400 

461 

Garesfield       .... 

•398 

10500 

321 

Powell 

•459 

IO165 

357 

Forest  of  Dean 

•360 

IOI33 

279 

South  Staffordshire      .        .     . 

■320 

9600 

235 

Derby's  Deep  Main 

•424 

9400 

308 

Derby's  Soft  Coal       .        .     . 

•528 

7500 

303 

Leeds     

•530 

6500 

264 

'T'VkA     v/^liimo     f\(     rrf^o      ir»     /m«V»i/n 

PoAt     *r\i\rr  Via     < 

rA^I1/^A/1      4/\    \1*AI 

<vVtf      iv%     IVkn       Vk 

multiplying  the  volume  by  the  specific  gravity  of  the  gas  and  by  the  constant 
number  '076, 
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One  Ton  of  Crude  Fetroletim  will  yield  21000  cubic  feet  of  good  gas. 

Fintflch-Oas,  or  Gaji  from  Oil,  is  successfully  used  for  lighting  railway 
carriages  and  for  purposes  where  coal-gas  is  not  available.*  It  is  made  b) 
decomposing  petroleum  or  shale-oil,  and  is  compressed  to  about  10 
atmospheres.  During  compression,  liquid  is  deposited  in  a  chamber  im- 
mediately attached  to  the  pumps,  and  to  a  much  larger  extent  in  the 
reservoir  in  which  the  gas  is  stored,  and  from  which  it  is  delivered  into  the 
iron  recipients  (drums)  attached  to  the  railway  carriages.  This  liquid  is 
commonly  called  "hydrocarbon,"  and  for  convenience  it  is  designated 
**  pump  hydrocarbon  '*  and  "  reservoir  hydrocarbon."  Notwithstanding  the 
nature  of  the  material  used  in  making  oil-gas,  the  "hydrocarbon"  is 
practically  free  from  paraffins,  containing  but  traces  of  hydrocarbons  in- 
soluble in  sulphuric  acid ;  it  essentially  consists  of  benzene  and  toluene, 
mixed  with  hydrocarbons  of  the  CnHgn  and  CnH,„ — ,  series.  The 
"  reservoir  hydrocarbon "  especially  is  saturated  with  gas,  and  on  passing 
this  into  bromine,  a  solid  bromide,  of  the  composition  C^H^Br^,  is  obtained, 
which  melts  at  116°  C,  and  is  but  slightly  volatile.  It  seldom  contains  less 
than  about  50  per  cent,  of  benzene  and  toluene.  The  "  pump  hydro- 
carbon "  differs  from  that  deposited  in  the  reservoir,  only  in  being  richer  in 
the  less  volatile  constituents. 

In  the  FintsclL  System  of  MannfiEUstoring  Oil-Gas,  two  cast-iron 
D-shaped  retorts  are  set  one  above  the  other;  the  largest  size  used  being 
6  feet  4  inches  long,  10  inches  wide,  and  9  j  inches  deep.  The  oil  is  run 
into  the  upper  retort  at  one  end,  falling  upon  an  iron-tray,  which  is  loosely 
fitted  into  the  retort ;  and  to  complete  the  decomposition,  the  vapours  are 
passed  through  the  second  lower  retort.  The  temperature  at  which  the 
retorts  are  worked  is  very  high — a  bright  cherry-red.  The  oil  is  run  in  at 
the  rate  of  about  12  J  gallons  per  hour,  and  about  80  cubic  feet  of  gas  is 
yielded  per  gallon  of  oil. 

In  the  Keith  System  of  Mann&cturing  Oll-Oas,  the  retort  is 
generally  6  feet  long,  5  inches  broad,  and  10  inches  deep,  and  is  constricted 
in  the  middle ;  it  is  made  shallower  in  the  middle  and  proportionally 
broader,  so  that  the  sectional  area  is  the  same  as  at  the  end.  The  oil  is 
caused  to  flow  down  an  inclined  trough,  so  that  it  strikes  the  retort  near  the 
constriction  where  the  temperature  is  highest.  It  is  stated  that  from  100  to 
!i  50  cubic  feet  of  gas  may  be  obtained  from  i  gallon  of  oil,  according  to  the 
quality  of  the  latter ;  and  with  12  retorts  2000  cubic  feet  of  gas  can  be  pro- 
duced per  hour,  of  50-candle-power.  The  results  depend  upon  the  quality 
of  the  oil,  and  the  manner  in  which  the  decomposition  is  effected. 


GAS  ENGINES  AND  HOT-AIR  ENGINES. 

Gas  Engines  possess  many  advantages  over  small  steam  engines,  and 
compare  favourably  with  them  as  regards  the  cost  of  fuel.  The  "  Otto  " 
gas  engine,  shown  in  Fig.  17,  is  single-acting,  the  cylinder  being  open  at 
the  front  end.    The  first  forward  stroke  of  the  engine  draws  an  explosive 

*  See  a  Paper  by  Professor  Armstrong,  in  the  "  Journal  of  the  Society  of  Chemical 
Induslry." 
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mixture  of  air  and  gas  into  the  cylinder,  which,  on  ihe  relurn  of  the  piston, 
or  first  inward  stroke,  is  compressed  to  about  one-third  its  volume.  At  the 
beginning  of  the  second  out-stroke,  the  compressed  charge  is  ignited,  and 
the  expanding  gases  propel  the  piston  to  the  end  of  the  stroke,  the  products 
of  combustion  being  expelled  at  Ihe  second  in-slroke.  The  tested  con- 
sumption of  coal  gas  by  the  "Otto"  gas  engine,  when  new,  may  be  averaged 


Fig.  tj.^"  Olto"  honiDoul  gftt-engLnc. 

at  from  ii  to  j  3  cubic  feet  per  tndicate-.l  horse-power  per  hour  for  the 
large  sizes,  to  14  cubic  feet  per  indicated  horse-power  per  hour  for  the 
smaller  sizes.  At  intermittent  hoisting  work,  using  coal-gas  costing  3^.  per 
locx)  cubic  feet,  the  cost  of  working  a  3!  horse-power  engine,  taking  an 
average  of  three  months'  consumption  of  gas,  has  been  found  to  be  as  low 
as  tenpence  per  day.  The  cylinder  of  the  "  Otto"  gas  engine  is  shown  in 
section  at  Fig.  18.    The  slide  is  shown  in  the  position  when  it  is  about 


to  ignite  the  charge  in  Ihe  cylinder  through  passage  a  ;  the  slide  has  carried 
the  light  B  from  the  light  c,  which  is  always  burning  when  the  engine 
is  working;  the  light  b  is  extinguished  after  every  explosion.  The  light  b 
is  fed  with  gas  through  a  small  passage  in  the  slide.  This  passage  wilt  be 
closed  iust  before  light  b  reaches  chamber  a,  and  it  ignites  the  charge. 
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In  careful  tests  of  a  single  "  Otto  "  gas  engine  of  30  indicated  horse- 
power, the  total  consumption  of  fuel  was  found  to  be  only  1*2  lb.  per  indi- 
cated horse-power,  and  1-5  lb.  per  brake  horse-power  per  hour. 

Dowson's  Watez^^^  is  used  for  large  gas  engines.  It  is  very  much 
cheaper  than  coal-gas,  its  cost  being  only  about  three  pence  per  thousand 
cubic  feet ;  in  an  "  Otto"  gas  engine  using  this  gas,  the  consumption  is  as  low 
as  1-3  lb.  of  anthracite  coal  per  indicated  horse-power  per  hour.  An  analysis 
of  this  gas  by  Professor  Foster  is  given  in  the  following  Table,  which  also 
contains  for  comparison  an  analysis  of  ordinary  coal-gas  of  16  candle- 
power,  from  which  it  will  be  seen  that  coal-gas  has  nearly  four  times  the 
calorific  power  of  the  other,  the  comparative  explosive  force  of  the  two 
gases  in  atmospheric  air  being  as  3*8  :  i,  that  is,  the  coal-gas  has  3-8  times 
the  energy  of  the  other. 


Table  20. — Composition  and  Calorific  Power  of  Dowson's  Water- 
Gas,  and  of  ordinary  16  Candle-power  Coal-Gas. 


Composition  of  the  Gas. 

Ordinary  Coal-Gas, 
Power. 

16  Candle- 

Dowson's  Generator-Gas, 
OR  Water-Gas. 

Volume  per 
Cent,  at 

0  deg.  Cent. 

and  760 

mm. 

Weight  in 

Grammes  of 

xoo  Litres. 

Calorific 

Power  of 

100  Litres. 

Volume  per 
Cent,  at 

0  d^.  Cent. 

and  760 

mm. 

Weight  in 

Grammes  of 

100  Litres. 

Calorific 

Power  of 

too  Litres. 

Hydrogen  . 
Marsh  gas      .     . 
Olefiant  gas 
Carbonic  oxide  . 
„        acid     . 
Cxygen .        .     . 
Nitrogen    . 

51-81 

3525 
353 

8-95 

... 

o-o8 
0-38 

463 

25*20 

4-41 

II-20 

... 

O'll 

0*47 

159.559 
329,187 

52,664 

27,854 
• .  • 
• .  • 

... 

1873 
0-31 
0-31 

25-07 
6-57 
0-03 

48-98 

1*67 
0-22 
0-38 

3136 
12*91 

0-04 

61*27 

57,689 
2,899 

4.633 
77,992 

100-00 

46*02 

569,264 

lOO'OO 

107-85  !i43»2i3 

Water-gas  is  now  used  for  a  great  variety  of  purposes,  such  as  singeing 
yarns  and  fabrics,  type-founding,  varnish  making,  healing  water,  cooking, 
baking  bread,  &c.,  and  in  all  cases  it  is  found  that  by  allowing  about  /our 
volumes  of  the  generator  gas  for  one  of  coal  gas,  the  same  heating  eflFect  is 
obtained.  The  above  theoretical  calculations  of  the  calorific  power  are 
therefore  confirmed  in  practice. 

The  Pressure  produced  liy  the  Explosion  of  Oaseons  Mixtures 
has  been  determined  by  experiments  made  by  Mr.  D.  Clerk,*  the  results  of 
which  afford  useful  data  for  gas  engines,  and  are  given  in  the  following 
Table.  In  no  case  did  the  heat  accounted  for  by  the  explosion-pressure 
amount  to  more  than  jj  per  cent,  of  the  total  heat  present  as  inflammable 
gas ;  in  the  majority  of  cases  it  was  a  little  over  50  per  cent. 

*  See  a  Paper  read  before  the  Institution  of  Civil  Engineers,  by  Mr.  D.  Clerk,  F.C.S., 
"  On  the  Explosion  of  Homogeneous  Gaseous  Mixtures." 
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lable  21. — Pressures  produced  by  the  Explosion  of  Mixtures  of 
Inflammable  Gases  with  Atmospheric  Air. 


Oldham  Coal-Gas  and  Air  Mixtures. 

Average  Temperature  of  Gases  before  Ignition 

taken  at  17  degrees  Centigrade. 

Pressure,  atmospheric  (147  lbs.). 

Glasgow  Coal-Gas  and  Air  Mixtures. 

Temperature  of  Gas  before  Ignition  z8  degrees 

Centigrade. 

Pressure,  atmospheric  (14*7  lbs.). 

Proportion 
of  Gas  by 
Volume. 

Maximum 

pressure  in 

lbs.  per 

Square  Inch 
aoove  the 

Atmosphere. 

Maximum 
Tempera- 
ture, 
Centigrade. 

Time  of 
Explo- 
sions. 

Proportion 

of  Gas  by 

Volume. 

Mean 
pressure  in 

lbs.  per 
Square  Inch 

above  the 
Atmosphere. 

Maximum 
Tempera- 
ture, 
Centigrade. 

Time  of 
Explo- 
sions. 

tV 

1 
1* 

tV 

1 
TT 

i 

1 

6 
1 

T 

lbs. 
40 

51-5 
60 

61 

78 

87 
90 

91 

80 

Degrees. 
806 

1033 

1202 

1220 

1557 

1733 
1792 

1812 

1505 

Sea>nds. 
•45 
•31 
•24 

•17 
•08 

•06 

•04 
•05 
•16 

1 
T¥ 

1 
TT 

1 
10 

1 

8 

1 
6 

lbs. 

52 

63 
69 

89 
96 

Degrees. 

1047 
1265 

1384 
1780 

I918 

Seconds. 

•28 
•18 

•13 

•07 

■05 

Hydroeen  and  Air  Mixtures.    Temperature  of 

Gases  i>efure  Ignition,  x6  degrees  Cei  tigr^de. 

Pressure,  atmospheric  (14*7  lbs.). 

\ 

1 

Maximum. 
41 

68      1 
80      ] 

82610    909     '15 

[358,,  1539     '026 
[615  „  1929     -QI 

« 

The  Highest  Temperatnre  in  a  Gaji  Engine  has  been  estimated  at 
3444°  Fahr.  absolute,  the  temperature  of  the  exhaust  gases  being  estimated 

3444 — 1230 

at  1230°  Fahr.;  the  highest  theoretical  efficiency  being  = =^  = 

3444 
64*2  per  cent.    Such  a  high  efficiency  is  not  realised  in  practice,  the  loss 

of  heat  through  the  sides  of  the  cylinder  being  very  great,  owing  to  its 

having  to  be  kept  cool  in  order  to  enable  the  piston  to  work  properly.     The 

practical  efficiency  of  gas  engines  is  from  12  to  22  per  cent. 

Hot-Air  Xingines  are  used  to  a  limited  extent  for  the  development  of 

small  power.     In  these  engines  heat  is  applied  to  air  enclosed  in  a  cylinder, 

the  air  expands  and  drives  a  piston.    The  air  in  doing  work  loses  heat,  and 

the  efficiency  of  the  engine  depends  upon  the  difference  of  temperature 

through  which  it  works  ;  the  greater  the  fall  from  the  higher  to  the  lower 

temperature,  the  greater  the  power  developed.    The  efficiency  cannot  be 

greater  than — 

Higher  absolute  temperature— lower  absolute  temperature 

Higher  absolute  temperature. 

The  best  Jiot-air  engines  consume  about  8  lbs.  of  coke  per  horse-power  p^n* 
hour ;  a  ^-horce  power  engine  consumes  about  40  lbs.  of  coke  in  working 
ten  hours* 
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Tha  "Aider"  Bot-Air  Engina,  shown  in  Fig.  19,  is  a  simple  f>rd 
efficient  small  motor.     It  has  two  single-acting  cylinders  placed  vertically ; 
there  are  two  plungers,  marked  c  and  d,  which  are  coupled  by  means  of 
connecting  rods  j  to  cranks  keyed  at  right  angles  to  each  other  on  a  crank- 
shait  common  to  both ;  one  plunger  o,  called  the  power  plunger,  works  in 
a  cylinder  kept  permanently  hot  by  means  of  a  fire,  while  the  oiher  c,  called 
the  compression  plunger,  works 
in    a  cylinder  surrounded  by 
a  water-jacket   e.      The  two 
c)'linders  are  connected  by  a 
wide   passage   h,   fitted  with 
plates,  and  constituting  the  re- 
generator. There  is  no  change 
of  air  in  this  engine,  but  the 
relative   motions   of    the    two 
plungers  cause  a  constant  al- 
teration in  volume  and  move- 
ment of  the  air  between  the 
two  cylinders.     Any   leakage 
is  made  good  through  the  inlet 
valve   shown  at  the  bottom  of 
the  cool  cylinder  c.  The  work- 
ing of  the  engine  includes  four 
operations  :* — i.  A  small  com- 
pressed bulk  of  air  has  heat 
restored  to  it  by  the   regene- 
rator, the  pressure  rising  during 
the  process ;  the  back  pressure 
in  c  counterbalances  the  for- 
ward pressure  in  d,  so  that  this 
is  a  period   of  displacement, 
tpking  place  during  the   first 
quarter  of  a  revolution  as  the 
plunger  d  moves  up  from  the 
bottom  centre.     2.  The  small 
I  bulk  of  air  receives  a  fresh 
supply  of  heat  at  the  highest 
I  temperature,   expands,   doing 
ng,  Tfl.    RLder'ihotiJr engine.  useful  work  by  prcssurc  on  d, 

and  subsequently  on  c  to  a 
less  extent.  This  takes  place  during  the  second  quarter  of  a  revolution, 
the  piston  d  arriving  at  the  top  centre.  3.  A  large  expanded  bulk  of  air 
is  transferred  from  b  to  a,  and  its  heal  abstracted  and  stored  in  the 
generator.  The  pressure  falls,  and  the  fom-ard  pressure  on  c  during  the 
last  half  of  the  upward  stroke  counter- balances  the  pressure  in  d.  This 
is  a  period  of  displacement,  which  takes  place  during  the  third  quarter  of 
the  revolution.  4.  The  large  bulk  of  air  is  compressed  into  the  small 
soace  c.    The  back  pressure  against  c  is  not  counterbalanced  by  the  for- 

"  See  uiide  on  this  eoeiDe  in  the  "Mecbuiical  Woiid.' 
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ward  pressure  in  d  ;  hence  during  this  period  work  is  required  from  the 
fly-wheel  to  compress  the  air,  but  at  the  same  time  heat  is  wthdrawn 
while  the  fluid  is  at  the  lowest  temperature,  and  the  work  required  to  com- 
press the  fluid  while  cold,  and  losing  heat,  in  the  fourth  poriod  is  con- 
siderably less  than  the  work  given  out  by  the  fluid  while  expanding  when 
hot,  and  receiving  heat,  in  the  second  [>eriod. 

The  Effective  Power  of  this  Xbigine  represents  the  difference  be- 
tween that  given  out  in  the  second  revolution  and  that  required  to  compress 
the  air  in  the  fourth.  The  engines  made  of  this  type  are  of  J,  i,  and 
I  horse-power,  the  number  of  revolutions  being  from  loo  to  1 50  per  minute, 
and  the  indicated  maximum  pressure  from  20  lb.  to  22  lb.  The  regenerator 
consists  of  cast-iron  plates  about  J  in.  thick,  with  a  space  between  of  ^  inch ; 
in  the  i  horse-power  engine,  it  measures  about  1 1  inches  by  4  inches  by 
4I  inches.  The  heaters  run  good,  if  used  with  care,  from  two  to  five  years ; 
the  cost  of  a  new  heater  is  about  23^.,  and  the  labour  of  one  man  for  a  day  to 
put  it  in  place.  The  air  appears  to  get  heated  to  the  temperature  correspond- 
ing to  dull-red  heat  of  cast-iron,  or  about  1000^  Fahr.  At  one  test  of  a  ^  horse- 
power engine,  when  working  a  pump,  about  675  gallons  of  water  were 
raised  per  hour  to  a  height  of  90  feet  with  4  lbs.  of  coal.  This  performance 
is  equal  to,  say  10,128  ft.  lb.  per  minute,  or  '307  horse-power;  and  the 
consumption  of  coal  per  effective  horse-power  was  1 3  lb.  At  another  trial, 
4  lbs.  of  coal  were  sufficient  for  ^  horse-power  duty  in  the  water,  or  8  lbs.  per 
horse-power.  The  mean  effective  pressure  in  the  working  cylinder  was  i6*8, 
and  in  the  cooling  cylinder  (making  allowance  for  the  difference  in  strokes) 
6"47,  giving  10*33  '^s.  per  square  inch  nett.  The  i  horse-power  engine  has 
plungers  10  in.  in  diameter,  and  13  in.  stroke,  and  occupies  a  floor  space  of 
4  ft.  4  in.  by  2  ft.  8  in.,  and  measures  to  the  top  of  the  fly-wheel  7  ft.  6  inch. 
The  weight  complete  is  about  28  cwt.  2  qr.,  and  it  gives  out  about  one 
effective  horse-power.  The  power  cylinder  has  an  iron  jacket  for  about 
half  its  length,  so  formed  that  the  entering  air  passes  well  round  the 
cylinder  and  between  the  jacket,  and  then  impinges  directly  on  the  hot 
heater  bottom  f,  thus  getting  thoroughly  heated  in  its  passage,  and  at  the 
same  time  the  cylinder  remains  relatively  cool.  The  packing  round  the 
plungers  consists  of  leather  collars  held  in  position  by  a  ring. 


HEAT   EVOLVED    BY    COMBUSTIBLES. 

The  Total  Quantities  of  Heat  evdlTod  by  the  Combiistion  of 
IMffexent  Comhuetihles,  the  results  of  experiments  by  MM.  Favre  and 
Silbermann  and  others,  are  given  in  the  following  Table. 

Table  22. — Heating  Power  of  Various  Combustibles. 


Heat  in  deerees  Fahr.  to  which  I 
X  lb.  01  waiter  will  be  raised 
by  X  lb.  of  combustible. 

Acetate,  C<,,  H^,,  O^ 9616 

„       of  Alcohol,  Valeric,  C,o,  H,o,  O4    ...        .     .  14349 

Acetone,  Ce,  H,  +  0, 13149 

Acid,  acetic,  0^  +  C^,H^,  63 10;  butyricacid,  0^  +  Cg,Hg  .  10122 

„     ethalic,  O^  +  C,,,  H,, 16956 

F 
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Table  22  continued. — Heating  Power  of  Various  Combustibles. 


Heat  in  desrc 
I  lb.  olvr 

ics  Fahr.  to  which 

ater  will  be  raised 

by  I  lb.  c 

)f  combustible. 

Acid,  formic,  O^+C,,  H, 

3600 

„     phrenic,  Ci„  H^,  0, 

I4II7 

„     stearic,  O^-fC^g,  H.g 

17676 

„     valeric,  O^  +  Cjo,  Hjo 

II59I 

Alcohol,  HO, +  C^,  H^ 

12932 

„       ethalic,  HO,  +  C,„H,, 

I9133 

valeric,  HO, +  C10,  Hio 

16126 

Aldehyde,  ethalic,  C,„H,,,0, 

18616 

stearic,  C,g,  H.g,  O, 

18893 

Amylene,  C,o,H,o,  20347;  C,„  H,,      .        .        .        . 

20279 

Aragonite,  combined,  gives 

+  68-9 

„         separated,  absorbs 

-554-6 

„         separated  after  combination,  absorbs      .        .     . 

-485-6 

Butyrate  of  methylene,  C50,  H^q,  0^ 

12258 

Carbon  burnt  wiih  peroxide  of  azote  at  10°    .        .        .     . 

20085 

„       from  C  to  C  0, 

14545 

„         „    gas  retorts 

14486 

„          „    sugar  from  C  to  C  0, 

.     14472 

Cetine,  C3,,  H,, 

.     19942 

Decomposition  of  oxide  of  silver  absorbs     .        .        .        . 

-39-8 

„            of  peroxide  of  azote 

.     19963 

„            of  water  oxygenated  i  gr.  oxygen 

2346 

Diamond,  13987;  Diamond,  heated       .        .        •        •    . 

14182 

Essence  of  citron,  C,o,  Hi g 

.     19727 

„  turpentine,  C,o,  Hi  ^ 

•     19534 

Ether,  acetic,  Cg,  Hg,  O^ 

.     11327 

„      butyric,  Ci,,  Hi „  0^ 

.     12764 

„      sulphuric,  H  0,  +  Cg,  Hg        .... 

16249 

„      valeramilic,  C,^,  H,o,  O^ 

•     15379 

„      valeric,  HO, +  C,o,  H,o         .... 

•     18339 

Formiate  of  alcohol,  Cg,  Hg,  O^ 

•      9503 

„        „  methylene,  C^,  H^,  O^    . 

•      7556 

Gas,  marsh,  C,,  H^,  23514;  Gas,  olefiant,  C^,  H^        .     . 

.    21344 

Graphite  from  high  mines,  1 401 4;  No.  2    .        .        .        . 

.     13927 

Graphite,  natural.  No.  i,  14061 ;  No.  2          .        .        .     , 

14007 

Hydrogen  at  59° 

62032 

Iceland  spar  for  C  O,  and  C  to  0  absorbs     .        .        .    . 

.     -554*6 

Metamylene,  C^^,  H^^, 

.     19672 

Oxide  from  carbon,  CO, - 

►      4325 

Paramylene,  C,o,  Hio 

.    20684 

Spirit  of  wood,  H  0,  +C„  H, 

•      9543 

Sulphur  at  instant  of  crystallization     .... 

4066 

„       native  melted,  3008  :  Sulphur  of  carbon    . 

6121 

T^r6bbne,C,„Hig. 

.     19194 

Valeriate  of  alcohol,  Ci^,  Hj^ 

.     14103 

„        „  methylene,  Ci 4,  Hi^,  0^        .        •        .        < 

'     13277 

SPECIFIC  GRAVITY  AND  WEIGHT  OF  PETROLEUM- REFUSE.     ^J 


LIQUID-FUEL. 

Peiroleum-Beftue  and  Creosote-Oil  are  used  as  liquid-fuel.  They 
are  usually  burnt  upon  a  fire-grate  covered  with  fire-bricks,  and  the  liquid- 
fuel  is  blown  into  the  furnace  from  below,  by  spray-injectors,  steam  being 
used  for  injecting  the  spray.  The  spray-injectors  have  long  narrow  orifices, 
the  usual  width  being  from  '02  inch  to  *o8  inch.  The  air  for  combustion 
is  generally  forced  into  the  furnace,  partly  above  and  partly  under  the  fire- 
grate, by  fans  or  blowers,  and  the  fire-box  has  frequently  two  combustion- 
chambers,  constructed  with  brick-work,  which  offers  a  slight  resistance  to 
the  free  exit  of  the  ignited  gases,  and  retains  them  as  long  as  possible  in 
the  combustion  chambers,  thus  ensuring  complete  admixture  with  the  air. 

Weight  of  Petroleii]ii-&efiuie.* — As  the  quality  of  petroleum  varies 
considerably,  it  is  necessary  to  employ  a  hydrometer  and  thermometer  for 
testing  the  specific  gravity  and  temperature  of  petroleum-refuse ;  the 
specific  gravity  varying  with  the  temperature.  The  following  Table 
contains  the  specific  gravity  and  weight  per  cubic  foot  of  petroleum-refuse ; 
the  heaviest  petroleum-refuse  has  a  specific  gravity  of  '921,  or  a  weight  of 
57'4i2  lbs.  per  cubic  foot  when  at  freezing-point,  thus  requiring  a  space  of 
39  cubic  feet  to  contain  a  ton.  The  lightest  at  a  temperature  of  95^  Fahr. 
has  a  specific  gravity  of  '889,  or  a  weight  of  55*24  lbs.  per  cubic  foot, 
requiring  a  space  of  40I  cubic  feet  to  contain  a  ton. 

•Table  23. — Specific  Gravity  and  Weight  per  Cubic  Foot  of  Petro- 
leum-Refuse AT  Various  Temperatures.  Water=i'oooo  Specific 
Gravity,  at  17^°  Centigrade  or  63 J°  Fahrenheit. 


Temperature. 

Spedfic 
Gravity. 

Weight 

an  IKc 

Temperature. 

Specific 
Gravity. 

Weight 

in  Itv^ 

Centi. 
grade. 

R&umur. 

Fahren* 
heit. 

in  IDS* 

per  Cubic 

Foot. 

Centi- 
grade. 

R^iumur. 

Fahren* 
heit. 

in  inn. 

per  Cubic 
Foot. 

0 

0 

0 

lbs. 

0 

0 

0 

n». 

0 

O'O 

32 

•91 10 

56-61 

18 

I4"4 

64-4 

-8997 

55-84 

I 

0-8 

33*8 

•9103 

56-55 

19 

15-2 

66-2 

-8991 

55-84 

2 

r6 

35*6 

•9097 

56-50 

20 

i6-o 

68-0 

-8984 

55-81 

3 

24 

37*4 

•9091 

56-50 

21 

i6-8 

69-8 

•8978 

55-74 

4 

3*2 

39*2 

•9085 

5642 

22 

17-6 

716 

•8972 

55-74 

5 

4*0 

4I'0 

•9078 

56-36 

23 

18-4 

73*4 

-8965 

55-68 

6 

4-8 

42-8 

•9072 

56-36 

24 

19-2 

75-2 

•8959 

55-62 

7 

5*6 

44'6 

•9066 

56-30 

25 

20-0 

77-0 

*8953 

5562 

8 

6-4 

46-4 

•9060 

56-30 

26 

20-8 

78-8 

-8947 

55-55 

9 

72 

482 

•9053 

56-20 

27 

21-6 

80-6 

-8940 

55-55 

10 

8-0 

50*0 

•9047 

56-14 

28 

22-4 

82-4 

•8934 

55-48 

II 

8-8 

51-8 

•9041 

56-14 

29 

232 

84-2 

-8928 

55-43 

12 

9'6 

53*^ 

•9034 

56-11 

30 

24-0 

86-0 

'8922 

55-43 

13 

IO'4 

55*4 

'9028 

56-05 

31 

24-8 

87-8 

-8915 

55-37 

14 

II"2 

57-2 

•9022 

56-05 

32 

25-6 

89-6 

-8909 

55-30 

15 

I2"0 

i^'S 

•9016 

55*99 

33 

26-4 

91-4 

-8903 

55-30 

ig 

;2-8 

6o'8 

•9009 

55-92 

34 

27-2 

93*2 

-8896 

55*24 

17 

13-6 

62-6 

•9003 

55-92 

35 

28-0 

95-0 

-8890 

55-24 

See  a  Paper  read  before  the  Institution  of  Mechanical  Eng^ers,  by  Mr.  Thos.  Urquhart. 

F  a 
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Lu|iiid-Fnti  is  very  much  used  in  Russia.  On  one  line  of  railway 
about  one  hundred  and  fifty  locomotives  and  a  number  of  stationary  boilers 
are  burning  this  description  of  fuel,  with  the  most  satisfactory  results,  in 
special  furnaces  or  combustion-chambers  constructed  on  Mr.  Urquhart's 
system  of  burning  liquid- 
Fig.  »  fuel.  TTie  following  is 
a  brief  description  of  the 
apparatus  used  for  feed- 
ing the  furnaces  and 
of  the  construction  of 
several  varietifis  of  com- 
bustion -  chambers  by 
which  the  efficient  and 
economical  combustion 
of  petroleum -refuse  is 
satisfactorily  obtained. 
The  dimensions  given 
in  the  woodcuts  are 
French  measures. 
Pig,  „  Urqoluut'a  Liqnid- 
Fa«l  Ii^Aotor,*  or  pul- 
veriser, is  shown  in  Figs. 
20  to  23,  The  orifice 
through  which  the  petro- 
leum flows,  is  adjustable, 
and  can  be  swept  out  by 
the  steam,  so  that  if  the 
outlet  becomes  choked, 
the  opening  can  be  en- 
larged, and  this  can 
be  thoroughly  cleansed 
without  interfering  with 
the  working,  otherwise 
than  by  increasing  the 

Fijj.  Mandii.—Urquhart't  liquid-fuel  injjctor.  flow    of     oil    for    a    few 

moments.  A  tube  is 
fixed  through  the  double  walls  of  the  fire-box  to  admit  the  nose  of  the 
injector,  around  which  a  space  is  left  for  air  to  be  carried  in  by  the  jet. 
The  oi!  runs  down  a  pipe,  which  ends  in  the  external  nozzle  of  the  injector, 
while  the  steam  passes  through  the  inner  nozzle,  which  it  enters  through  a 
ring  of  holes,  the  steam  and  oil  cavities  being  separated  by  a  stuffing-box 
packed  with  asbestos.  This  packing  is  renewed  once  a  month.  The  steam 
supply  is  regulated  by  a  valve  on  the  pipe  and  independent  of  the  injector, 
while  the  oil  supply  is  increased  or  diminished  by  screwing  the  steam  nozzle 
backwards  and  forwards  in  the  external  nozzle,  and  varying  the  section  of  the 
annular  passage.  This  is  eflected  by  3  worm  and  wormvvheel,  the  latter  of 
which  is  connected  to  the  steam  nozzle  by  a  feather-key,  while  the  former  it 
on  a  shaft  which- terminates  in  a  convenient  position  close  to  the  fireman's 

d  drawings 
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hand.  Skill  and  care  in  regulation  are  two  most  important  points  in  the  use 
of  this  fuel  on  railways,  in  order  to  avoid  smoke,  and,  at  the  same  time,  not 
to  admit  an  excessive  quantity  of  cold  air.  Every  change  in  the  opening  of 
(he  regulator  or  the  position  of  the  link  requires  a  corresponding  alteration 
of  the  oil  admission,  white  when  (he  engine  is  at  rest  or  running  down  an 
incline  with  the  steam  off,  the  flame  must  be  e.tiinguished,  and  the  firebox 
shut  up  by  closing  the  dampers.  Even  under  these  condiiions  the  steam 
will  continue  to  rise  from  the  gradual  emission  of  the  heat  stored  in  the 
brickwork  of  the  firebox.  When  the  stoppage  is  ended,  or  the  incline 
passed,  the  flame  is  lighted  again  by  first  turning  on  the  steam,  and  then 
gradually  admitting  the  oil,  which  catches  fire  from  the  hot  bricks  without 
any  explosion.  The  dampers  can  then  be  opened  and  the  full  supply  of 
oil  tamed  on,  according  to  the  load  and  the  character  of  the  roail.     Spockel 


Hp.  19  >nd  t J.— Urquhtn's  liquid-rncl  injector. 

wheels  and  pitched  chains  convey  the  motion  of  the  regulating  wheel  from 
the  cab  to  the  injector. 

Kir.  Urquhart's  apparatus  is  entirely  outside  the  firebox,  and  is  screened 
from  the  radiant  heat  of  the  flame,  while  the  earlier  injectors  were  more 
or  less  inside  the  furnace  and  exposed  to  the  fierce  temperature  which 
carbonised  the  oil  on  the  outlet  of  the  jet,  and  contributed  even  more  than 
the  dirt  to  the  choking  of  the  nozzle. 

Special  CombiiBtitm-CluunboT. — Important  as  is  the  construction  of 
the  injector,  however,  the  arrangement  of  the  firebox  or  combustion- 
chamber  is  more  so,  particularly  in  a  locomotive  with  its  infinite  capacity 
for  leakage  at  numberless  tubes,  stays,  and  rivets.  The  experience  of 
forced  draught  on  torpedo  boats  has  shown  that  there  is  a  decided  limit  to 
the  temperature  which  a  tube-plate  can  bear,  and  that  if  very  highly  heated 
flame  be  driven  against  it,  there  will  be  continual  trouble.  In  the  case 
of  petroleum  the  flame  is  so  hot  diat  the  sight-hole  through  which  it  is 
observed  has  to  be  covered  with  coloured  glass,  to  protect  the  eyes  of  the 
fireman,  and  in  the  early  experiments,  it  was  found  that  the  nuts  on  the 
inside  of  the  fire-box  crown  dropped  off,  so  great  was  the  heal  brought  to  bear 
upon  them.    Further,  while  lli*  direct  impact  of  flame  is  detrimental  10 
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the  plates,  it  is  also  unfavourable  to  perfect  combustion  of  the  gases.    In 
the  most  recent  types  of  the  Siemens  furnace  a  great  advantage  has  been 


found  in  keeping  the  flame  free  both  of  the  brick-work  and  of  the  objects 
to  be  heated,  and  although  this  of  course  cannot  be  followed  in  a  boiler 
furnace,  yet  it  is  possible  to  let  the  principal  part  of  the  combustion  take 


Figi.  jj-»9.— Co 


place  in  an  area  inclosed  by  glowing  walls,  which  exercise  no  check  upon 
the  complete  oxidation  of  the  gases,  but  allow  them  to  attain  the  full  tem- 
perature before  they  meet  the  comparatively  cold  metal  plates. 

Several  Forma  of  Coiabutioii-Cluuab«rB  are  used  by  Mr.  Urquhart, 
according  to  the  class  of  engine  to  which  they  are  to  be  applied,  and  to  the 
teachings  of  experience.     Five  varieties  are  illustrated  in  Figs.  i\  to  41. 

Figs.  24  to  26  show  the  fire-box  as  used  in  passenger  and  six-wheeled 
goods  engines.     Opposite  the  lower  part  of  the  fire-box  there  is  built  a 


COMBUSTION-CHAMBERS  FOR  LIQUID-FUEL.  7I 

Stout  wall,  which  13  continued  along  each  side  (Fig.  26),  lerminating  at  the 
top  with  a  skewback.  An  arch  is  thrown  from  side  to  side,  and  forms  a 
top  to  this  combustion-chamber  which  is  entirely  open  at  the  front.     The 


Figi,  30  uk]  3Ip — Combuation^dumber  for  liqnid-fiMj. 

jetpU}^  onto  the  back  wall,  while  the  tiamesturnup  under  the  arch  above, 
filling  the  box  and  entering  the  tubes  in  tongues  of  fire.     There  are  three 
ashpit  doors,  one  at  the  trailing  end  and  one  at  each  side,  and  these  can 
be  opened  to  any  extent  by  a  chain  and  notched  lever.    Sufficient  air  to 
commence  the  combustion  enters  with 
the  spray,  which  is  protected  by  a  brick- 
work screen  from  the  main  draught, 
until  it  reaches  the  mouth  of  the  com- 
bustion-chamber.    Figs.    27,    28,   29 
represent  a  modified  arrangement   for 
use   during    the    severe    frosts   which 
prevail    in    Russia.      The     difference 
between  the    two   is    not    great ;    the 
latter,    however,    has    the    back    wall 
carried  np  to  the  roof  of  the  box,  and 
perforated    with    numerous     openings 

which  are  set  at  an  angle,  as  shown  in  Fig.  28,  and  diffuse  the  heat  over 
the  lube-plate  with  great  uniformity.  The  side  of  the  box  is  partially  pro- 
tected, but  the  midfeather,  showTi  in  Fig.  26,  is  wanting.  Figs.  30,  31,  32, 
show  another  and  more  recent  construction  of  combustion-chamber,  in 
which  no  side-doors  are  cut  in  the  ash-pan,  the  original  front  and  back 
doors  being  utilised.  The  air  which  enters  through  the  front  door  is 
passed  up  through  a  thin  brick-channel  a,  and  becomes  heated  before  it 
comes  in  contact  with  the  gases.    Two  cast-iron  boxes,  bb,  are  built  into 
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the  brick-work,  in  order  to  let  a  small  quantity  of  flame  gain  access  to  that 
part  of  the  tube-plate  below  the  tubes.  The  entire  heating  surface  of  the  sides 
of  the  box  is  likewise  utilised  by  keeping  the  walls  of  the  chamber  a  short 


r 
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distance  from  them,  and  allowing  the  flame  to  play  between  the  two.  The 
spray  injector  is  placed  in  the  ash-pit,  as  shown  in  Fig.  31,  which  is  made 
very  deep,  and  the  hollow  stay  shown  in  Fig.  ai,  is  not  used.  Figs.  33, 
34,  and  35,  illustrate  another  modification  in  which  there  is  preliminary 


Fig-jiS 


r.g.  3j. 


RtjB. 


liqiud-fueL 


heating  of  the  air,  while  Figs.  36, 37  and  38,  are  engravings  of  the  combus- 
tion-chamber of  an  eight-wheeled  locomotive  engine  weighing  48  tons. 

The  Bricfc-vork  ot  the  CombuatiiHi-Chiuaben  acts  as  a  reservoir 
of  heat,  tending  to  keep  the  furnace  at  a  uniform  temperature,  and 
to  maintain  the  combustion  under  the  most  favourable   conditions.     It 
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likewise  serves  to  light  the  spray  when  it  has  been  turned  out  during  a 
stoppage.  When  the  boiler  is  cold  the  jet  cannot  be  used,  of  course,  as 
there  is  no  steam  to  propel  the  oil  forwards.  Under  such  conditions 
it  is  customary  to  raise  the  steam  by  a  temporary  attachment  to  a  stationary 
boiler,  and  then  to  create  a  draught  by  turning  on  a  blower  in  the  chimney. 
A  handful  of  burning  waste  is  then  placed  in  the  combustion-chamber, 
and  the  steam  and  oil  are  turned  on  in  succession.  Mr.  Urquhart  has 
also  applied  brick  combustion -chambers  to  all  the  stationary  boilers, 
twenty-five  in  number,  under  his  control;  the  method  adopted  with  Cornish 
boilers  is  shown  in  Figs.  39,  40,  and  41, 

TIm  Petreloiua  is  carried  in  a  tank  in  the  tender  of  the  locomotive, 


*■«■  » 
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formed  by  placing  a  bulkhead  at  the  head  of  the  coal-space,  and  a  cover 
over  the  top  of  it.  There  is  a  pocket  made  in  the  bottom  to  receive  the 
water,  which  the  oil  picks  up  in  its  transit  in  barges,  and  the  separation  is 
aided  by  the  heat  which  is  received  from  the  feed-water  tanks  on  the  tender, 
and  from  a  special  steam-coil.  When  the  temperature  falls  iz  degrees  below 
freezing-point  the  use  of  artificial  heat  is  imperaiive.  For  a  six-wheel 
locomotive  the  capacity  of  the  tank  is  3I  tons,  a  quantity  sufficient  for 
250  miles,  with  a  train  of  480  tons  gross,  exclusive  of  engine  and  tender. 

Cr*osate-oil  is  the  residue  from  the  distillation  of  tar  in  the  production 
of  anthracene,  quinone,  and  alizarin.  The  heating-power  of  creosote-oil 
has  been  found  in  practice  to  be  double  that  of  ordinary  good  steam-coal, 
that  is,  one  ton  of  oil  is  equal  to  two  tons  of  coal.  It  costs  about  twenty- 
five  shillings  per  ton,  makes  very  little  smoke  in  burning,  and  when  used 
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in  a  well-arranged  furnace  requires  little  attention.  In  Sadler's  system  of 
burning  creosote-oil  as  liquid  fuel  in  a  circular  furnace,  the  fumace-tubc  is 
lined  with  fire-briclt  for  a  portion  of  its  length  so  as  to  form  a  brickwork- 
tube,  the  end  of  which  is  closed  by  a  baitle-wall  perforated  with  holes  3 
inches  square.  The  oil  is  forced  into  the  furnace  by  a  jet  of  steam,  by 
means  of  a  nozzle  similar  in  construction  to  that  of  a  Giffard's  injector. 
The  draught  produced  by  the  jet  of  steam  is  checked  by  the  baffle-wall  at 
the  end  of  the  furnace,  and  by  an  ordinary  damper. 


PETROLEUM-ENGINES. 

Oil-BngisH  occupy  small  space,  require  little  attention,  are  readily 
started,  and  work  economically  with  ordinary  mineral  oil.  There  are 
several  forms  of  these  engines,  some  of  which  may  be  briefly  described  as 
follows : — 

TIte  Prisitnuui  Oil-Engine. — This  engine,  shown  in  Fig.  42,  is 
mounted  on  a  hollow  bed-plate  forming  a  tank  of  sufficient  capacity  to 
contain  a  supply  of  Oil  to  run  the  engine  a  day.  Air  is  pumped  into  the 
tank.  The  oil  is  delivered  in  a  state  of  fine  spray  to  a  vapourising  chamber, 
where  it  is  converted  into  vapour  by  heat  supplied  by  a  lamp  on  starting 
the  engine,  and  afterwards  by  exhaust  vapour  which  envelopes  the  chamber. 

The  engine  has  a  four-cycle  movement,  that  is,  the  piston  on  its  first  or 
forward  stroke  draws  in  a  charge  of  vapour  through  an  inlet-valve.  This 
charge  is  compressed  on  the  second  stroke,  and  at  the  moment  of  com- 
pression an  electric  spark,  from  a  small  battery,  explodes  the  charge  and 
drives  the  piston  out,  thus  making  the  third  stroke.  The  fourth  stroke 
drives  the  spent  vapour  out  of  the  cylinder  through  an  exhaust-valve. 


PETROLEUM-ENGINES. 
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The  engine  works  satisfactorily  with  common  mineral  oil.    The  quantity 
of  oil  consumed  is  about  one  pint  per  brake-horse-power  per  hour.    When 


^V'  43*'~Honisb7's  OU-eagine. 

using  oil  costing  fivepence  per  gallon,  the  cost  of  a  horse-power  is  from 
one-halfpenny  to  three  farthings  per  hour. 


Fig.  44.— Croadey's  Ofl-engine. 


Somsliy's  Oil-Sngine. — ^This  engine,  shown  in  Fig.  43,  has  a  tank  in 
the  bed-plate  containing  oil.    At  each  stroke  a  small  quantity  of  oil  is 
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pumped  into  a  vapourising  chamber,  connected  by  a  short  pipe  to  the  back 
of  the  cj'linder.  This  chamber  is  heated  by  a  lamp  on  starling  the  engine, 
and  afterwards  by  the  heat  of  the  explosion.  There  is  one  explosion  in  four 
strokes,  or  two  revolutions.  A  mixture  of  air  and  oil-vapour  is  drawn  into 
the  cylinder  on  the  first  stroke  of  the  piston,  and  compressed  on  its  back* 
ward  stroke.  The  compressed  charge  is  ignited  by  the  hot  metal,  and 
explosion  takes  place  in  the  vapouriser. 

Crosslaj'i  Oil-Engiiw. — This  engine,  shown  in  Fig.  44,  resembles  a 
gas-engine  in  general  appearance.  The  oil  is  pumped  into  a.  vapouriser, 
which  is  hrated  by  a  lamp.    The  firing  is  effected  by  a  horizontal  hot  tube. 


Fig.  45.— Spill's  On«igiDe. 

BgUVt  Oil-Bnglna. — This  engine,  shown  in  Fig,  45,  has  a  four-cycle 
movement.  The  piston  on  its  out-stroke  draws  in  a  charge  of  air  and 
petroleum  ;  it  then  returns  compressing  this  mixture,  which  is  exploded  as 
the  crank  passes  the  back  centre  ;  in  the  next  stroke  the  combustion  and 
expansion  of  the  charge  takes  place,  while  the  fourth  and  last  stroke  of  the 
cycle  expels  the  products  of  combustion.  Thus  there  is  one  acting  stroke 
in  everv  four,  the  eneigy  stored  up  in  the  fly-wheel  carrying  it  through  the 
other  three. 


VEGETABLE-REFUSE    FUEL. 


In  countries  where  coal  is  dear  and  vegclaWe-refnse  abundant,  it  is 
important  to  utilise  the  latter  as  fuel  for  steam  boilers.  Vegetable  sub- 
stances, such  as  sugar-cane  refuse,  cotton-stalks,  reeds,  dry-grass,  fibrous 
Slants,  peat,  and  brushwood  make  excellent  fuel,  and  although  greatly  in- 
rior  to  coal,  can  compare  favourably  with  wood,  as  regards  calorific 
power,  when  burnt  as  fuel  in  steam  boilers  properly  constracted  for  burning 
this  dcicription  of  fuel. 


BURNING  VEGETABLE- REFUSE  FUEL.  7/ 

Boil«n  tuiBff  T^*tebl«-&aftuw  mi  FtMl  require  to  have  ihe  furnace 
or  fire-bos  twice  as  large  as  that  required  (or  coal,  and  the  total  heating 
surface  at  least  one-half  larger  than  that  required  for  coal-burning.  The 
fire-bars  should  be  thin  and  spaced  about  six  inches  apart ;  and  they  should 
be  placed  diagonally  across  the  furnace.  The  fuel  should  be  fed  continu- 
ously in  a  thin  layer  to  the  Are,  and  a  large  supply  of  atmospheric  air  must 
be  admitted  to  the  furnace  to  produce  perfect  and  continuous  combustion. 

ScKtiiic-pomr  of  T^vteble-SafuM  Fn«L— The  vegetable  sub- 
stances above-mentioned,  when  in  a  perfectly  dry  state,  on  an  average  are 
composed  of  -34  carbon,  's  hydrogen,  and  -40  oxygen.    As  ihe  bydrogea 


w-biimka  ^ipiir 


aDd  oxygen  are  In  the  combining  proportions  for  forming  water  they 
develop  no  heat.  Hence  these  vegetable  substances  will  yield  : — Carbon 
•34  X  14500  =  4930  units  of  heat  per  lb.  of  fuel  :  its  maximum  calorific 
power.  Taking  the  maximum  units  of  heat  in  i  lb.  of  coal  at  14297.  the 
weight  of  straw  required  to  develop  the  same  heat  as  i  lb.  of  coal  will  be 
14297  -j-  4930  =  3'94  lbs.,  or  nearly  3  lbs.  In  practice  rather  more  than 
this  is  required,  and  4  lbs.  of  straw  are  equal  to  i  lb.  of  coal. 

Boston's  Stnnr-biiniiaff  Apparatiu  applied  lo  a  portable -engine  is 
shown  in  Fig.  46.  The  straw  is  fed  into  a  hopper  attached  to  the  fire-box, 
and  is  ignited  on  entering  the  furnace  :  as  the  fire  is  fed  from  Ihe  bottom 
of  the  furnace  it  bums  like  a  torch,  the  fire  not  being  damped  down  when 
led,  as  would  be  the  case  if  the  straw  were  put  upon  the  top  of  the  fire. 
The  combustion  is  forced  by  a  steam-jet,  and  complete  combustion  of  the 
fuel  is  obtained.  The  apparatus  is  simple  and  effective,  and  it  can  be  used 
for  burning  other  kinds  01  vegetable-refuse  fuel  as  well  as  straw. 
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Coalrdnstt  Ooke-dust,  BraMa,  and  simiUv  BtftiM-Futls  which 
are  of  no  value  as  fuel  in  ordinary  furnaces,  may  be  efficiently  and 
economically  burnt  in  Ferret's  Furnace,  with  water-cased  grate,  as  shown 


Fig.  47. 


to  JTrl 


Grvuttd  Line 


Fig.  48 


Figs.  47  and  48.'^P«mtt'8  furnace  for  burning  dust-fuel. 
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in  Figs.  47  and  48.  The  ash-pit  of  this  furnace  is  closed,  and  is  worked 
under  pressure  supplied  either  by  a  fan  or  steam-jet.  The  fire-bars  are 
spaced  only  about  ^th  of  an  inch  apart ;  they  are  made  very  deep,  and  the 
bottoms  of  the  bars  are  immersed  in  water  as  shown.  An  air  blast  of  a 
pressure  of  from  one-half  inch  to  one  inch  of  water  is  admitted  above  the 
surface  of  the  water  in  the  troughs,  and  underneath  the  fire-bars,  and 
passes  through  the  fuel.  From  20  lbs.  to  30  lbs.  of  fuel  can  be  burnt  in 
this  furnace  per  square  foot  of  fire-grate  per  hour. 

Tlie  eraporative  power  of  coal-diurt  and  teeeie  are  given  in  the 
following  Table : — 


Table  24. — Comparative  Trials  of  Coal-dust  and  Breeze 

Ferret's  Furnace. 


IN 


Faei 

Fuel  Consumed. 

Water 
Evaporated 

Pounds  of  Water 
Evaporated  per 
Pound  of  Fuel. 

Cost  per  1000 

Gallons 
Evaporated. 

1.  Breeze  . 

2.  Equal    weights    of 

breeze  and  coal 
dust              .    . 

3.  Coal  dust 

4.  Washed  coal  dust  . 

lbs. 
2800 

3008 
2016 

2351 

lbs. 
14,300 

17,400 
15,300 
15,820 

lbs. 

5-8 
7-1 

f.       d, 

4  4i 

5  loi 

1 

Test  of  Ferret's  Fnmaee.  —  A  Lancashire  boiler,  fitted  with 
Ferret's  furnace  burning  coal-dust,  was  carefully  tested  for  eleven  hours. 
The  boiler  was  21  feet  long  x  7  feet  diameter,  with  a  total  heating  surface 
of  582  square  feel :  fire-grates  4  feet  long,  and  1  foot  iq\  inches  wide, 
each  equal  7I  square  feet  of  surface,  or  1 5  square  feet  in  all.  The  coal 
burnt  during  the  trial  was  2231  lbs. ;  equal  14*8  lbs.  per  square  foot  of  grate 
per  hour,  and  '383  lbs.  burnt  per  square  foot  of  heating  surface  per  hour. 
Thickness  of  fuel  on  the  bars,  5  inches  :  water  in  fuel,  4*17  per  cent. :  air 
used  per  lb.  of  fuel,  14*37  lbs. :  average  pressure  of  blast  =  \  inch  of  water : 
pressure  of  steam,  46*2  lbs.  per  square  inch.  Ashes,  58  lbs. :  clinkers,  1 76  lbs. : 
or  a  total  waste  of  234  lbs.  =  10*5  per  cent.  Useful  coal  consumed,  1902 
lbs.    Temperature  of  smoke  at  exit  from  the  boiler,  376*5°  Fahr. 

The  coal-dust  was  analyzed  and  found  to  contain  as  follows : — 

Table  25. — Composition  of  Radford's  Navigation  Coal-Dust,  used 

IN  THE  Test  of  Ferret's  Furnace. 


Per  Cent. 

Carbon. 

.  8479  <>r 

1892  lb. 

of 

the  day's  consumption 

of 

2231  lb. 

Hydrogen 

•     4'55  „ 

102  „ 

Oxygen 

.     2-17  „ 

48  „ 

Nitrogen  . 

.    0-96  „ 

21  „ 

Sulphur 

.    0-57  „ 

13  '» 

Ash  . 

.    279  „ 

62  „ 

• 

Water  • 

.    4-17  » 

95  '> 

8o 
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Besvlts  of  the  Test.*— The  evaporative  power  was  12*8  lb.  at  212^ 
Fahr.  Air-blast  velocity  was  2248  feet  per  minute  through  a  tube  of 
•297  feet  sectional  area.  Taking  the  weight  of  i  cubic  foot  of  air  at 
58°  Fahr.  to  be  '0767  lbs.,  the  weight  of  air  passed  during  the  eleven  hours 
was  (2248  X  -297)  X  '0767  (60  X  II)  =  33798  lbs.    The  carbon  in  the 

Q 

day's  charge  required  1892  x  -  =  5045  lbs.  of  oxygen  to  form  6937  lbs. 

of  carbon  dioxide,  and  the  hydrogen  in  the  day's  charge  required 
102  x  8  =  816  lbs.  of  oxygen  to  form  918  lbs.  of  water,  so  that  the 
total  oxygen  required  to  burn  the  coal  was  5861  lbs.  But  the  charge 
of   fuel  itself    contained  48  lbs.;    hence   the  oxygen  required  for  the 

air  was  5813  lbs.    But  the  air  actually  supplied  contained  33,798  x  ^  = 

7773  ^bs.  of  oxygen.  Deducting  that  absolutely  required  for  combustion, 
viz.,  5813  lbs.,  the  excess  of  oxygen  supplied  was  i960  lbs.,  and  this  is 

equivalent  to  i960  x =  8522  lbs.  of  air,  whilst  the  nitrogen  present  in 

the  air,  whose  oxygen  was  used,  was  5813  x  LL=z  19461  lbs. 

The  proportion  in  which  the  heat  of  the  fhel  was  need  and 
wasted  in  the  above  test  is  shown  by  the  following  balance  sheet : — 

Table  26. — Balance  Sheet  of  Heat  Units  (Fahr.). 


Per 
Cent. 

Heat  Absorbed. 

Heat  Units. 

15-8 

53 
154 

By  feed   water   evaporated,    1582    gallons    at 
46-2  lbs.  gauge  pressure.    Total  heat  from 
32  deg.  in  steam  at  46-2  lbs.=  1167-5.    Tem- 
perature of  feed=93  deg.;  hence  J  1167— 
(93-32)  J  X  15,820 

Furnace  Gases, — Excess  air=8522  lbs.  x -238, 

specific  heat  X  (376-5— 58=318*5)    •        .     . 
Nitrogen  with  consumed  oxygens  19,461  lbs.  x 

•244  (sp.  ht.)x  318-5 

Carbon  dioxide  formed  =  6937  lbs.  x -2164  (sp. 

ht.)x  318-5 

Water  from  H  in  coal=9i8  lbs.  x  [(212  —  58)  x 

i  +  966+(376-5  — 212)  X -4805]     . 
Water    in    coal  =  05  x  [(212— 60)  x  i +  966  + 

(376'5— 212)  X -4805] 

Evaporation  from  troughs  under  grate  416-06  x 

[(212— 6o)xi-|-966+(376-5— 2i2)x-48o5]. 
loss  by  radiation  (say=night)  133,647  x  1 1 
Unaccounted  for:  Heat  in  cinders,  carbon  in 

smoke,  cinders  unconsumed 

17,504,830 

645*993 
1,512,392 

478,122 

1,100,682 

"3»7i5 

498,031 
1,470,117 

4,261,987 

27,585,869 

*  Kindly  given  tu  tiic  Author  by  Messrs.  B.  Donkin  &  Co 
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Heal  evoivtd :  «3r  lbs.  of  coal,  evolving  laS  x  966  heat  units  per 
pound,  will  give  during  combuslion  3331  x  iz  8  x  966  s  37,5851669 
units. 


COMBUSTION   AND    CONSUMPTION    OF    FUEL    IN   STEAM 
BOILER    FURNACES. 

Fiziny. — The  fire  should  be  as  thick  as  the  quality  of  the  coals  will 
allow ;  a  thin  fire  is  wasteful,  because  paria  of  the  grate  are  liable  to  become 
uncovered  and  pennii  air  to  pass  through  the  furnace  unconsumed.  The 
shape  of  the  fire  should  be  concave,  that  is  much  thicker  at  the  sides  than 
the  middle,  which  ensures  proper  admixture  of  the  gases  and  economical 


I'iS'  49.— Proctor'i  Huhinica] -Stoker. 


combustion  of  the  fuel  with  the  least  smoke.  Side  firing  is  best  in  most 
cases,  that  is,  the  coal  is  thrown  on  each  side  of  the  fire  alternately,  leaving 
one  side  of  the  fire  always  bright,  by  which  means  the  temperature  of  the 
furnace  is  reduced  as  little  as  possible.  It  is  better  lo  fire  frequently, 
putting  a  liule  coal  on  at  a  time,  than  to  put  large  charges  of  coal  on  the 
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fire  at  long  intervals.  Hand-firing;  is  preferable  for  round  coal,  but  for 
burning  slack  in  the  most  economical  way,  mechanical-firing  gives  the  best 
results  in  many  cases. 

A  Meckanieal  Stoker  provides  a  steady  evaporation,  although  it  is 
frequently  not  so  rapid  as  in  hand-firing:  it  produces  a  steady  supply  of 
steam,  and  is  an  excellent  preventer  of  smoke.  It  dispenses  with  the 
frequent  opening  of  the  furnace  door,  thereby  preventing  large  volumes 
of  cold  air  impinging  upon  the  hot  plates.  The  Mechanical-Stoker, 
shown  in  Fig.  49,  is  a  very  good  imitation  of  hand-firing,  it  being  so 
arranged  that  it  delivers  the  coal  upon  the  fire  with  varied  lorces,  by 
means  of  a  radial  shovel  actuated  by  a  shaft  making  a  partial  rotary  motion. 
The  machine  is  very  simple,  has  few  working  parts,  and  provides  an 
evaporation  nearly  as  rapid  as  hand-firing;  in  one  case  9*41  lbs.  of 
water  were  evaporated  per  lb.  of  coal  from  feed  water  of  iio^  Fahr.  with  a 
very  common  description  of  slack. 

Air  required  for    Combiuition. — ^Atmospheric  air  is  composed  of 

1  lb.  of  oxygen  and  3^1bs.  of  nitrogen  by  weight,  or  i  cubic  foot  of  oxygen 
and  4  cubic  feet  of  nitrogen  by  volume.  Nitrogen  being  a  neutral  gas  is 
present  as  a  dilutent  simply,  and  passes  through  the  fire  without  chemical 
alteration.  For  every  cubic  foot  of  oxygen  required  in  combustion,  5  cubic 
feet  of  air  must  be  supplied.  For  the  complete  combustion  of  i  lb.  of 
hydrogen,  500  cubic  feet  of  air  are  required,  and  for  the  complete 
combustion  of  i  lb.  of  carbon  160  cubic  feet  of  air  are  required.  For 
the  combustion  of  i  lb.  of  sulphur  60  cubic  feet  are  required. 

The  qnaAtity  of  Air  chemically  oonsumed  is  150  cubic  feet  per  lb. 
of  coal  consumed,  but  in  order  to  ensure  complete  combustion  of  coal,  and 
prevent  the  formation  of  carbonic-oxide  instead  of  carbonic  acid,  or  the 
formation  and  discharge  of  smoke,  it  is  necessary  to  admit  a  much  larger 
quantity  of  air  to  the  furnace  than  is  theoretically  required,  so  that  each 
particle  of  gaseous  combustible  matter  may  be  supplied  with  its  due 
equivalent  of  oxygen.  The  supply  of  air  to  a  furnace  should  equal  double 
the  quantity  chemically  consumed,  or  300  cubic  feet  of  air  at  62*^  Fahr. 
per  lb.  of  coal. 

The  weight  of  Air  per  lb.  of  Coal  required  in  practice  to  secure 
sufficient  dilution  of  the  gases  to  ensure  their  combustion,  and  absence  of 
smoke,  is  24  lbs.  with  natural  or  chimney  draught,  and  18  lbs.  with  forced 
or  artificial  draught. 

The  Prodncts  of  Perfect  Combustion  are  steam  and  carbonic  acid, 
each  being  invisible  and  incombustible,  steam  is  formed  from  the  hydrogen 
gas  given  out  by  the  coals  combining  with  its  equivalent  of  oxygen  from 
the  air,  in  the  proportion  of  2  volumes  of  hydrogen  to  i  of  oxygen,  or  by 
weight  as  I  to  8.  Carbonic  acid  is  formed  from  the  carbon  of  the  coal 
combining  with  its  equivalent  of  oxygen  from  the  air,  in  the  proportion  of 

2  volumes  of  oxygen  to  i  of  carbon,  or  by  weight  as  16  to  6. 

The  Frodn<H»  of  ImperflBct  Combustion  are,  carbonic-oxide,  in- 
visible but  combustible,  and  smoke,  partly  invisible  and  incombustible. 
Carbonic-  oxide  is  formed  from  the  carbonic-acid  first  produced,  receiving 
another  volume  of  carbon  in  passing  through  the  fire,  which  last  volume  of 
carbon  is  unconsumed,  and  forms  the  combustible  carbonic-oxide,  whilst 
carbonic  acid;  having  its  carbon  consumed,  is  incombustible.    Carbonic- 
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oxide  bums  with  a  pale  blue  flame,  and  its  presence  in  a  furnace  denotes 
imperfect  combustion,  from  a  deficient  supply  of  air,  as  it  indicates  that 
only  8  parts  of  oxygen  instead  of  16  parts  have  united  with  6  parts  of 
carbon. 

The  Vitiation  of  the  Air  by  the  prodncte  of  Combiuition  is 
chiefly  caused  by  the  carbonic  acid  and  steam  produced  by  combustion. 
Petroleum  and  solar  oil  produce  least  of  both  substances,  and  tallow,  c  jal, 
and  coal-gas  most.  Coal-gas  also  contains  sulphur,  which  forms  sul> 
phurous  and  sulphuric  acid  to  the  injury  of  plants  and  polished  metallic 
surfaces.  The  quantities  of  carbonic  acid  and  steam  produced  by  various 
kinds  of  combustibles,  or  the  effects  of  artificial  light  on  vx  in  closed 
rooms,  may  be  ascertained  from  the  following  Table. 


Table  27. — Composition  op  various  Combustibles. — ^The  total  Heat 

EVOLVED     BY    THEIR    COMBUSTION;     THE    WeIGHT     OF    OxYGEN ;    THE 

Quantity  of  Air  Consumed,  and  the  Products  of  their  Com- 
bustion. 


Quantity 

PRODI'CTS  OF 

Units  of 

Composition,  pes 

Cent. 

Weight  of 
Oxygen 

of  Air 
chemi- 

Combustion 
from  i  lb.  of 

Heat 
evolved  by 

Description 

of 

consumed 

cally  tt>n- 

Combustible. 

the  Com- 

CombustibU 

e. 

per  lb.  of 
Com- 

sumed pei 
lb.  of 

bustion  of 
r  lb.  of  the 

Carbon. 

Hydro- 
gen. 

Oxygen. 

bustible. 

Com- 
bustible. 

Carbonic 
Acid. 

Water. 

Com- 
bustible. 

lb. 

lb. 

lb. 

lb 

• 

UniiA 

Coal,  aver 

age   80-4 

5-2 

8-0 

2-46 

I2-00 

2-95 

•47 

14300 

Coal-gas  . 

.   .  70-5 

32 

« ■  • 

3*25 

14*16 

2 -60 

2-05 

21000 

Tallow 

.  .  78-8 

11-8 

9*4 

2-95 

12-85 

3'^9 

135 

1812O 

Stearine    . 

.   .  76-3 

12*4 

"•3 

3-45 

15*00 

3'i7 

1-32 

17950 

Wax    .     . 

•  81-5 

136 

4-9 

3*24 

14-14 

3-08 

1-17 

19950 

Sperm 

.  80-5 

13*5 

6'o 

3-i8 

1384 

3'05 

i-i8 

19680 

Parafiin    , 

.  85-5 

U-5 

.  •  • 

3-48 

15-14 

2-90 

1-08 

21460 

Colza-oil  . 

.  77-3 

133 

9'4 

3-08 

13-40 

2-86 

1-25 

18840 

Solar-oil   . 

'    .    77*5 

13-5 

9-0 

2*97 

12-79 

2-84 

i-i6 

18990 

Petroleum 

.    85-3 

147 

•  t   • 

3-20 

13*92 

272 

»'i3 

21560 

Smoke  is  formed  during  combustion,  from  the  hydrogen  and  carbon 
which  have  not  received  their  respective  equivalents  of  oxygen  from  the 
air,  and  thus  pass  off  unconsumed. 

Prevention  of  Smoke. — Coals  can  be  burnt  without  smoke  by  pro- 
viding a  proper  supply  of  air  to  the  furnace,  to  secure  sufficient  dilution 
uf  the  gases  to  ensure  their  combustion,  and  to  prevent  the  formation  of 
bmoke ;  but  when  smoke  has  been  produced,  it  can  neither  be  consumed 
aor  converted  to  heat.  The  colour  of  smoke  depends  upon  the  carbcn 
passing  off  in  its  dark  pulverised  state,  but  the  quantity  of  heat  carried 
away  is  not  dependent  upon  the  carbon  alone,  but  also  upon  the  invisille 
but  combustible  gases — hydrogen  and  carbonic-oxide,  so  that  whilst  the 
colour  may  indicate  the  amount  of  carbon  in  the  smoke,  it  does  not  indicate 

G  2 
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the  amount  of  heat  lost.    The  prevention  of  smoke  considerably  inc 
Ihe  economic  value  of  the  fuel  and  the  evaporative  power  of  the  boiler. 

Tlu  Sapplf  of  Air  to  tlw  Boiler  Fnrnaoe  may  be  regulated  by 
means  of  a  furnace-door,  having  a  sliding  grid  on  the  outside,  as  shown  in 
Fig.  JO.  A  perforated  box-baffle-plate  is  iixed  on  the  inside  of  the  door 
for  admitling  air  above  the  fire.  The 
sum  of  the  perforations  should  not  be 
less  than  3  inchci  per  square  foot  of 
fire-grate  surface.  After  firing,  the  ven- 
tilating-grid  in  the  door  is  opened  for 
about  a  minute,  and  the  proper  supply 
of  air  is  admitted  to  the  furnace;  by 
this  means,  and  with  careful  hand-Rring, 
the  emission  of  smoke  may  be  effectu- 
ally prevented. 

Quantity  and  Tetapoxatore  of  Air 

In    St«ua  Boiler  Fumaoaa.  —  The 

quantity  of  air  required  is,  as  already 

staled,  300  cubic  feet  at  61°  Fahr,  per 

lb.  of  coal  consumed.    The  air  enters 

Fig.  jo.-Funuce-front.  the  fire  at  62°  Fahr.,  and  leaves  it  at 

about   1250°  Fahr.,  and  expands  to  3J 

times  its  initial  volume  ;  the  maximum  temperature  of  the  furnace  is  about 

2400°  Fahr.,  so  that  the  air  departs  at  about  one-half  of  the  maximum 

temperature  of  the  furnace.     After  leaving  the  furnace  the  air  decreases  in 

temperature  and  volume  on  its  way  to  the  chimney,  where  its  temperature 

is  from  552°  to  600°  Fahr.,  and  its  volume  about  600  cubic  feet. 

TlM  Qoantity  of  Sot  Oaaes  evolved  hj  Oomlnution  at  any  special 
temperature  per  hour,  may  be  found  from  the  following  formula; — 

T..et  Q  =  lbs.  of  coal  consumed  per  hour. 

C  =  volume  of  cold  air  reduced  to  the  temperature  32°  Fahr, 

required  in  cubic  feet  per  lb.  of  coal. 
V  =  volume  of  healed  gases  per  hour. 
T  =  temperature  in  the  chimney, 
t  =  ihe  temperature  of  the  external  air. 


Then  V=  Q  C  [1  +  "00203  (T  -  »)]■ 


—The  weights  and  volumes  of  gases 
^spheric  pressure  of  30  inches  of 


Ws^U  of  Oaeea  and  Vapoora.- 

and  vapours  at  62°  Fahr.,  under  an  1 
mercury,  are  as  follows : — 

Atmospheric  air  weighs    076098  j  "'i^*lV'lb*if'}  ■!"  cubic  ft 


Hydrogen  gas 

005264 

18973 

Nitrogen  gas              „ 

073795 

13-55 

Oxygen  gas 

084133 

„             11-90 

Vapour  of  water          „ 

047398 

ZI'OO 

Carbonic  acid  gas       „ 

116365 

8-6o 

Carbonic  oxide  gas    „ 

073632 

■365 
8-30 

Vapour  of  alcohol      „ 

120876 
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Vapour  of  sulphuric  ether  „    197016  „  „  5-00      „ 


Vapour  of  mercury  „  *  5  2  99 1 1 

Vapour  of  benzine  „  '206152 

Chloroform  „  '404613 

defiant  gas  „  '073395 

Ammoniacal  gas  „  '044726 
Light carburettedhydrogen,,  '04 1 943 

Coal-gas  „  -033300 


*9  » 

•>  ft 

»  1: 


I '90 

5'io 

2 '60 

13-84 

23'IO 

24'66 

30*00 

The  Weight  of  a  onliio  foot  of  OaMOus  Steam  is  '622 — or  about 
f — of  that  of  a  cubic  foot  of  air,  of  the  same  pressure  and  temperature. 

The  Volume  of  the  Prodiuste  of  Comhiurtion  can  be  calculated  as 
follows.  In  the  case  of  a  combustible  composed  only  of  carbon,  i  lb.  of 
carbon  unites  with  2*66  lbs.  of  oxygen  to  form  3*66  lbs.  of  carbonic  acid, 
the  volume  of  i  lb.  of  carbonic  acid  it  appears  from  the  above  Table  is  8 '6, 
then  366  X  8*6  =  31*476  cubic  feet,  the  volume  of  gas  produced.  The 
volume  of  the  oxygen  consumed  will  equal  2*66  x  11*9,  its  volume  from 
the  above  Table,  =  31*654,  from  which  it  appears  that  the  volume  of  car- 
bonic acid  gas  produced  by  the  combustion  of  i  lb.  of  carbon  is  the  same 
as  that  of  the  oxygen  consumed.  Hence  when  a  fuel  is  composed  only  of 
carbon,  the  volume  of  gas  in  the  chimney  will  be  the  same  as  that  of  the 
air  entering  the  furnace,  except  that  it  will  be  expanded  to  the  volume  equal 
to  its  increased  temperature. 

When  a  combustible  contains  hydrogen,  as  previously  stated,  i  lb.  of 
hydrogen  unites  with  8  lbs.  of  oxygen  and  forms  9  lbs.  of  steam,  such  as 
coal  containing  '052  of  hydrogen  which  unites  with  '052  x  8  =  '416  lb.  of 
oxygen  to  form  '052  +'416  =  '468  lb.  of  water,  which — ^taking  the  volume 
of  the  vapour  of  water  as  given  in  the  above  Table  at  21  cubic  feet  per  lb. — 
will  give  '468  X  21  =  9*828  cubic  feet  of  vapour  at  62°  Fahr. ;  and  as  300 
cubic  feet  are  required  for  combustion  per  lb.  of  coal,  the  volume  of  gases 
produced  at  62°  Fahr.  will  be  3oo+9*828=309'828  cubic  feet  per  lb.  of  fuel. 
Assuming  the  temperature  of  the  chimney  of  a  steam-boiler  to  be  5  5  2°  Fahr., 
at  which  temperature  the  volume  of  air  is  double  that  at  62°  Fahr.,  the 
volume  of  vapour,  air,  and  gases  in  the  chimney  will  be  309*828  x  2  = 
6 196  5  cubic  feet.  In  round  numbers  there  will  be  620  cubic  feet  of  the 
gaseous  products  of  combustion  at  552^  Fahr.  per  lb.  of  coal,  in  the 
chimney. 

The  Volume  of  the  Oaeeoue  Prodncts  of  Combustion  in  the 
furnace  of  a  steam-boiler  per  horse-power,  may  be  calculated  from  the 
above  data: — ^Assuming  10 lbs.  of  coal  to  be  consumed  per  nominal  horse- 
power per  hour,  then  620  x  10  =  6200  cubic  feet  of  gases  will  be  dis- 
charged by  the  chimney  per  horse-power  per  hour. 

Chimney  Draught  is  due  to  the  motion  of  the  air  caused  by  the 
difference  in  weight  of  the  air  inside  and  that  outside  the  chimney.  The 
draught  can  be  checked  by  closing  the  damper  or  opening  the  furnace- 
door.  The  resistances  to  draught,  are  the  passage  of  the  air  through  the 
interstices  of  the  coals  on  the  fire-grate,  and  the  friction  of  the  air  and 
gases  against  the  sides  of  the  furnace  and  fines. 
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Tlie  Draught  is  most  efficient  when  the  temperature  of  the  heated  gases 
passing  up  the  chimney  is  552*  Fahr.  The  gases  only  then  weigh  one- 
half  that  of  the  9ix  outside  the  chimney  at  62 ""  Fahr.  This  refers  to  natural 
draught. 

The  Ttoiperature  of  the  Smoke  in  the  Funnel  of  well-arranged 
marine  steam-boilers  with  natural  draught  is  600*^  Fahr. 

When  name  iesnee  from  the  Top  of  the  Funnel,  it  is  due  to 
the  burning  of  gases  which  have  escaped  from  the  furnace  without  being 
consumed,  owing  to  a  deficiency  in  the  supply  of  air  to  the  furnace.  It  is 
detrimental  because  it  denotes  loss  of  heat  and  waste  of  fuel,  besides 
causing  injury  to  the  funnel. 

The  LoM  of  Fuel  due  to  a  Migh  Temperature  in  the  Funnel  of  a 
marine  steam-boiler  may  be  calculated  by  this  J^uie :  Multiply  the  normal 
consumption  of  coal  in  tons  per  day,  by  the  difference  between  what  the 
temperature  in  the  funnel  should  be,  and  what  it  actually  is,  and  divide  the 
product  by  2200,  the  quotient  will  give  the  increase  of  consumption  per 
day,  due  to  the  high  temperature  m  the  funnel. 

Example :  The  consumption  of  coal  at  the  beginning  of  a  voyage  of  a 

steamship  was  30  tons  per  day,  the  temperature  of  the  funnel  then  being 

556°  Fahr.,  but  after  a  few  days  the  temperature  of  the  funnel  increased  to 

706°  Fahr.,  for  the  same  supply  of  steam  under  the  same  conditions,  what 

was  the  increased  consumption  of  coal  due  to  the  increase  of  temperature 

in  the  funnel  ? 

^,       30  tons  per  day  x  (706^—556°)  ,       .  . 

Then — \^z;r '^~    =  2*045  ^ons  per  day,  mcreaseof 

consumption,  thus  raising  the  consumption  of  fuel  from  30  tons  per  day  to 
30  +  2'045  =  32*045  tons  per  day. 

The  Temperature  of  the  Funnel  of  a  marine  steam-boiler  may  be 
calculated  from  the  increased  consumption  of  fuel  due  to  its  excessively 
high  temperature  by  this  Rule :  Multiply  the  difference  between  what  the 
temperature  in  the  funnel  should  be,  and  what  it  actually  is,  by  2200,  and 
divide  the  product  by  the  normal  consumption  of  coal  in  tons  per  day,  the 
quotient  will  give  the  increase  of  temperature  in  the  funnel. 

Example:  The  temperature  of  the  funnel  at  the  beginning  of  a  voyage 

of  a  steamship  was  556°  Fahr.,  the  consumption  of  coal  then  being  30 

tons  per  day,  but  after  a  few  days  it  increased  to  32*045  ions  per  day,  for 

the  same  supply  of  steam,  under  the  same  conditions,  what  was  the 

increase  of  temperature  in  the  funnel  ? 

Tu^«       2200  X  (32-045  tons— 30  tons)  o  t?  u      •  ^c 

Ihen 12      '♦^ .•> / —  =    150°  Fahr.   mcrease   of 

30  tons  normal  consumption  per  day 
temperature  in  the  funnel,  thus  raising  its  temperature  from  556°  Fahr.  to 
556*  +  150°=  706°  Fahr. 

The  ITormal  Temperature  of  the  Gasee  escaping  from  the 
Funnel  of  a  marine  steam-boiler  will  be  increased  at  the  rate  of  22°  Fahr. 
for  I  per  cent,  increase  in  the  cost  of  evaporation.  Example :  Taking  the 
data  from  the  previous  example,  the  increase  is  32*045  tons— 30  tons  = 

2*045  ^^'^s.     This  increase  on  30  tons  will  equal       ^^     =   14*67  and 

2*045 

100 
— —  =  6*87  per  cent.,  therefore  the  increase  of  temperature  above  the 
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ftotmal  temperature,  will  be  6-82  x  22  =  150°  Fahr.,  and  this  added  to  the 
original  temperature  will  give  150°  +  556^  =  706°  Fahr.,  or  the  same  result 
as  obtained  by  the  previous  Jiule, 

The  Coiunuaption  of  Coal  in  Marine  Boilers  varies  as  the  distance 
steamed,  multiplied  by  the  square  of  the  speed  of  the  ship. 

Example:  k  steamship  made  a  voyage  of  900  miles  at  a  speed  of  10 
knots  per  hour,  the  total  consumption  of  fuel  being  100  tons.  Required 
the  consumption  of  fuel,  C,  for  a  voyage  of  1 500  miles  at  a  reduced  speed 
of  8  knots  per  hour. 

Then  C  =  9cx>  x  lo*  :  1500  x  8'  :  :  100  tons; 

1500  miles  X  8*  knots  x  100  tons  ,  .        ^  ^    , 

or 900  miles  x  lo'  knots =  '^^  ^^^^  consumpUon  of  fuel  at 

the  reduced  speed. 

The  Conmunption  of  Coal  in  Marine  Boilers  per  unit  of  time,  varies 
as  the  cube  of  the  speed  of  the  ship. 

Example  i :  A  steamship  attained  a  speed  of  10  knots  an  hour  with  a 
consumption  of  7  tons  of  coal  per  day.  Required  the  consumption,  C,  at 
a  reduced  speed  of  8  knots  per  hour. 

Then  C  =  io»  knots  :  8»  knots  :  :  7  tons;  or  ^' ^^'^Q^s /  7  tons  ^ 

lo*  knots 
3*584  tons. 

Example  2  :  On  one  voyage  a  steamship  attained  a  speed  of  8  knots  an 
hour  witn  a  consumption  of  10  tons  of  coal  per  day.  After  undergoing 
repairs,  this  ship  attained,  on  another  voyage,  a  speed  of  9  knots  an  hour. 
Required  the  consumption,  C,  of  coal  at  the  increased  speed. 

Then  C  =  8»  knots  :  o'  knots  :  :  10  tons;  or  9'  knots  x   lo  tons  ^ 

^  '  8«  knots 

i4'23  tons. 
The  Speed  of  a  Steamahip  dne  to  a  given  oonanmption  of  Coal 

may  be  found  by  the  converse  of  the  last  Rule : 

Example  i :  Taking  the  data  from  example   2   above.    A  steamship 

attained  a  speed  of  8  knots  per  hour  with  a  consumption  of  10  tons  of  coal 

per  day.    Required  the  speed  attained  with  a  consumption  of  I4'23  tons  of 

1        A         ^u      14*23  tons  X  8*  knots      ^^^       a    ^1  ^  i     ^ 

coal  per  day.    Then  -Z— ^ =  729  and  a/  729=9  knots 

per  hour,  the  speed  due  to  the  increased  consumption  of  coal. 

Example  2 :  Taking  the  data  from  example   i  above.    A  steamship 

attained  a  speed  of  10  knots  per  hour  with  a  consumption  of  7  tons  of  coal 

per  day.    Required  the  speed  attained  with  a  consumption  of  3*584  tons 

r       ,         1         rru       ^584  tons  X    10'   knots        ^  j    3/         — . 

of  coal  per  day.    Then  ^  -^  ^ =  512  and  aV  512  = 

8  knots  per  hour,  the  speed  due  to  the  decreased  consumption  of  coal. 

The  Consumption  of  Coal  in  a  Voyage  of  a  steamship  may  be  found 
by  this  Rule :  Multiply  the  speed  in  knots  per  hour  by  24,  the  product  will 
be  the  number  of  knots  the  ship  makes  per  day.  Then  as  the  number  of 
knots  sailed  per  day  is  to  the  number  of  knots  in  the  voyage,  so  is  the 
consumption  of  coal  per  day  to  the  consumption  of  coal  on  the  voyage. 

Example :  A  steamship  attained  a  speed  of  10  knots  per  hour  with  a 
consumption  of  20  tons  of  coal  per  day.  Required  the  consumption,  C,  of 
coal  in  a  voyage  of  icxx>  knots. 
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Then  the  speed  per  day  will  be  lo  knots  x  24  hours  =  240  knots,  and  C 

t     *  1     ^  4  1000  knots  X  20  tons     « 

=240  knots  :  1000  knots :  :  20  tons,  or = =83*3  tons. 

*  '  240  knots  ^^ 

The  Qaantity  of  €k>al  left  at  tlie  end  of  a  Voyage  of  a  ship  steaming 
at  a  uniform  speed,  may  be  found  as  follows.  As  the  number  of  knots 
made  is  to  the  number  of  knots  in  the  .voyage,  so  is  the  coal  which  has 
been  consumed  in  the  knots  made.  The  result  will  be  quantity  of  coal 
consumed  during  the  voyage. 

Example :  A  steamship  is  provided  with  a  stock  of  350  tons  of  coal  for 
a  voyage  of  2400  knots,  it  was  found  after  steaming  8cx)  knots  that  ico  tons 
of  coal  had  been  consumed.  How  much  coal  will  there  be  left  at  the  end 
of  the  voyage,  the  speed  being  the  same  for  the  whole  voyage  ? 

Then  800  knots  :  2400  knots  :  :  100  tons  coal  :  quantity  of  coal  consumed 

during  voyage,  or  ^4QO  j^o  s  x  100  ons  _  ^^^^  ^£  ^^^  consumed 

®      ^  ^  800  knots  steamed  ^ 

during  the  voyage,  which  deducted  from  the  stock  at  starting  on  the 
voyage,  or  350—300=50  tons,  the  quantity  of  coal  that  will  be  left  at  the 
end  of  the  voyage. 

The  Conenmption  of  Coal  per  indicated  horee-power  of  the  engine 
may  be  ascertained  by  this  Rule :  Multiply  the  number  of  tons  of  coal 
consumed  per  day  by  2240,  and  divide  the  product  by  24,  the  quotient  will 
be  the  number  of  lbs.  of  coal  consumed  per  hour,  which  divided  by  the 
indicated  horse-power  of  the  engine  will  give  the  consumption  of  coal  in 
lbs.  per  indicated  horse-power  per  hour. 

Example :  The  consumption  of  coal  during  the  voyage  of  a  steamship 
was  140  tons  per  day,  the  average  indicated  horse-power  of  the  engines  was 
5400.  Required  the  consumption  of  coal  per  indicated  horse-power  per 
hour. 

Then  140  tons  x  2240-7-24=13066  lbs.  of  coal  consumed  per  hour,  and 

Li '. =  2'23  lbs.,  the  coal  consumption  per  indicated  horse- 

5400  horse-power 

power  per  hour. 

The  number  of  Baskete  of  Coal  burnt  in  a  watch  on  a  steamship  may 
be  ascertained  by  this  Rule :  Multiply  the  consumption  of  coal  in  tons  per 
day  by  2240,  and  divide  the  product  by  the  weight  of  coal  contained  in  the 
basket,  the  quotient  will  be  the  number  of  basketfuls  of  coal  consumed  per 
day,  which  divided  by  the  number  of  watches  per  day  will  give  the  number 
of  basketfuls  burnt  in  a  watch. 

Example :  The  total  consumption  of  coal  on  a  steamship  is  1 40  tons  per 
day,  how  many  basketfuls  of  coal,  each  weighing  60  lbs.,  will  be  burnt  in  a 
watch  of  4  hours  ? 

Then  140  tons  x  2240  lbs.=3i36oo  lbs.  of  coal  consumed  per  day,  and 

^13600  lh*5 

2 — rr — ^-Ar — rV-^i — ?r-r=5226-6  baskctfuls  per  day.  As  the  watch  is 
60  lbs.  weight  of  basketful      "^  r         / 

4  hours  there  will  be  24-7-4=6  watches  in  the  day,  then  5226*6  basketfuls 

per  day-7-6=87i-i  basketfuls  per  watch. 

The  number  of  BasketfUs  of  Coal  bnmt  per  day  during  the  voyage 

of  a  steamship  being  given,  the  consumption  of  coal  in  tons  per  day  may 

be  ascertained  by  this  Rule :  Multiply  the  weight  of  coal  contained  in  the 

basket  by  the  number  of  basketfuls,  and  divide  the  product  by  2240,  the 

quotient  will  be  the  coal-consumption  in  tons  per  day. 
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Example :  The  consumption  of  coal  on  a  steamship  during  a  voyage 
was  5226'6  basketfuls  per  day,  each  weighing  60  lbs.  Required  the  coal- 
consumption  in  tons  per  day. 

T-u^^    5226*6  basketfuls  X  60  lbs.  each  *         r       1  j 

Then   ^ ^^ =  140  tons  of  coal  consumed  per 

2240  lbs.  per  ton  ^ 

day. 

The  Consmnption  of  Coal  in  tons  during  the  voyage  of  a  steamship 
may  be  ascertained  by  dividing  the  number  of  cubic  feet  of  coal  used  by 
45)  the  number  of  cubic  feet  in  a  ton. 

Example :  A  steamship  after  7  days'  steaming  was  found  to  have  used 
coal  that  occupied  a  space  18  feet  in  length  of  a  coal-bunker  which  is 
25  feet  long,  14  feet  wide,  and  15  feet  high.  Required  the  daily  consump- 
tion  of  coal  in  tons. 

rrijj        14  feet  width  x  15  feet  height  x  18  feet  length  of  coal  burnt  ^ 

45  cubic  feet  of  coal  per  ton  x  7  days 
12  tons  daily  coal-consumption. 

The  Conramption  of  Coal  by  LooomotiTee  per  indicated  horse- 
power per  hour  increases  with  the  speed  of  the  engine.  If  the  speed  of 
the  engine  be  doubled  and  the  weight  of  the  train  remain  the  same,  the 
quantity  of  fuel  burned  in  a  given  time  would  also  be  doubled ;  but  as  only 
one-half  the  time  would  be  occupied  in  travelling  a  mile,  the  consumption 
of  fuel  per  mile  would  be  the  same  in  both  cases.  Therefore  the  rate  of 
consumption  of  fuel  per  train-mile  varies  with  the  weight  of  the  train  and  is 
independent  of  the  speed.  The  consumption  of  coal  per  train-mile  varies 
considerably  on  different  railways,  as  will  be  seen  from  the  following  Tabh, 
collated  from  recent  practice: — 


Table  28. — Average  Consumption  of  Coal  per  Train-Mile  by 
Passenger  Locomotives  on  various  English  Railways. 


Brighton 

AND  South  Coast. 

Nohth-Wkstekn. 

']' 

Great 
Western 

Express.     *'*P'^^'»- 

_ 

- 

Light 

Tajik 

Heavy 

Kxpresis. 

Express. 

Com- 

1 Express. 

Engine. 

Express. 

pound, 
lbs. 

\      Ibb. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Average  con- 1 

sumption  : 

of  coal  per 

mile     .     . 

22 

24 

30 

25 

27 

28 

34 

38 

The  consumption  of  coal  per  train-mile  by  goods  engines  averages  from 
45  to  52  lbs. 

In  an  experiment  made  to  ascertain  the  power  required  to  haul  a  tt-ain, 
weighing  with  the  engine  33 5  J  tons,  from  Brighton  to  London,  Mr.  Stroudley 
found  that  i  lb.  of  coal  would  convey  i  ton  weight  of  the  train  13^  miles, 
at  an  average  speed  of  43*38  miles  per  hour,  over  the  Brighton  Railway, 
the  rate  of  consumption  being  2*03  lbs.  of  coal  per  indicated  horse-power 
per  hour :  the  evaporation  was  12*95  lbs.  of  water  per  lb.  of  coal. 
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Consumption  of  Petrolenm-BoftuM  Tnel. — A  series  of  careful 
trials  were  made  by  Mr.  Thomas  Urquhart  to  ascertain  the  mean  consump- 
tion of  petroleum-refuse  fuel  in  locomotive-engine  boilers,  during  continuous 
trips  in  winter  and  summer.* 

The  mean  result  for  the  whole  year  for  six-wheeled  coupled  goods- 
engines  is  a  coal  consumption  of  69*80  lbs.  as  compared  with  43*19  lbs.  of 
petroleum,  at  a  cost  of  10*212  pence  for  coal,  and  5*459  pence  for  petro- 
leum; bemg  an  advantage  of  38  per  cent,  in  weight  and  46  per  cent,  in 
cost  of  petroleum-refuse.  The  mean  result  per  train-mile,  with  four- 
wheeled  coupled  passenger-engines  is  39*38  lb.  of  coal,  against  29*62  lb. 
of  petroleum,  at  a  cost  of  5*672  pence  for  coal,  and  3808  pence  for 
petroleum ;  being  an  advantage  of  25  per  cent,  in  weight,  and  33  per  cent, 
in  cost  of  petroleum-refuse.  Petroleum  is  also  successfully  used  in  the 
above-named  boilers  as  an  anti-incrustator ;  about  4  lbs.  of  petroleum  are 
used  for  every  100  miles  run,  and  the  boilers  are  washed  out  every  600 
miles. 

Table  29. — Composition,  Heating  Power,  and  Theoretical  Evapora- 
tive Power  of  Pennsylvanian  and  Russian  Crude  Petroleum 
Oil. 


Pennsyl- 
vanian. 

Russian. 

Crude  Petroleum  Oil. 

Light. 

Heavy. 

Naphtha- 
Refuse. 

Carbon  •        •        •        •        . 

Hydrogen 

Oxygen           .... 

Per  cent. 
849 

i'4 

Per  cent. 
863 

136 
•I 

Per  cent. 

86-6 

123 

1*1 

Percent 
87*1 

117 
1*2 

100 

100 

100 

ICO 

Specific  gravity  at  32°  Fahr., 
water=iooo   .        .        .    . 

•886 

•884 

*886 

*928 

a 

Heating-power  in  British  ther- 
mal units     .... 

Units. 
I92IO 

Uuits. 
22628 

Units. 
I94IO 

Units. 
19260 

Theoretical  evaporation  at  120 
lbs.  or  8  atmospheres  pres- 
sure, in   lbs.  of  water  per 
lb.  of  fuel    .... 

lbs. 
l6'2 

lbs. 
17-4 

lbs. 
16  4 

lbs. 
l6*2 

*  See  a  paper  read  before  the  Institution  of  Mechanical  Engineers  by  Mr.  Thomas 
Urquhart. 
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Table  30. — Comparative  Trials   of  a   Locomotive   Engine  Burning 
Petroleum,  Anthracite,  Bituminous  Coal  and  WdoD. 


Description  of  Furl  used. 

Consumption,  including  Lightikg- 

UP  IN  WiNTBX. 

Consumption,  including 
LiGHTiNC-ur  in  Summer. 

T<7ral. 

Per 
Train- 
Mile. 

Cost  of 

Fuel  per 

Tram- 

MUe. 

Tempera- 
ture and 
Weather. 

Total. 

Per 
Train- 
Mile. 

Cost  of 

Fuel  per 

I'rain- 

MUe. 

Anthracite     . 
Bituminous  coal     . 
Petroleum-refuse   . 

Anthracite         •    . 
Wood,  in  billets     . 
Petroleum-refuse   . 

lbs. 

31779 

37558 

9462 

12640 

cubic  ft. 

1072 

lb. 
7223 

lbs. 
81-90 

96-53 
4877 

65-15 

cubic  ft. 
5-52 
IK 
3723 

Pence. 

11-96 
14-09 

5*49 

9-52 
8-50 
4-19 

1   -6' to 

,    Fahr. 
Strong 
side- 
wind. 

ai'to 
Fahr. 

Yuku 

Side- 
wind. 

1 

Ibt. 

•  •  • 
14084 

6176 

12784 

•  •  • 
6104 

lbs. 

•  •  • 
72*60 

31-84 
65-90 

•  • » 
31*46 

Pence. 

•  •  • 
10-60 

3*58 
9-62 

•  •• 

3*54 

Prices  of  Fuel  used. — Petroleum  refuse,  21s.  per  ton;  anthracite  and 
bituminous  coal,  zys,  ^d.  per  ton;  wood  in  billets,  42s.  per  cubic  sajene 
=  343  cubic  feet,  equivalent  to  1-47  penny  per  cubic  foot. 

Dimensions  of  Locomotive  Engines. — Cylinders,  i8j^  inches  diameter, 
and  24  inches  stroke ;  wheels,  4  feet  3  inches  diameter.  Total  heating- 
surface,  1248  square  feet.  Total  adhesion-weight,  36  tons.  Boiler-pressure, 
120 — 135  lbs. 

The  rate  of  Comlmstion  in  Steam  Boilers  is  the  weight  of  fuel  in 
lbs.  per  hour  burnt  on  each  square  foot  of  fire-grate ;  it  depends  upon  the 
quantity  of  draught  and  the  combustibility  of  the  fuel,  and  it  varies  with 
different  classes  of  boilers. 

Tlie  Average  rate  of  Combiurtion  in  Steam  Beilen  per  square  foot 
of  fire-grate  per  hour  is  as  follows ; — 

Egg-ended  boilers,  externally  fired 
Water-tube  boilers     .        •        .        . 
Galloway-boiler     .... 
Portable-engine  boilers 
Vertical  boilers       .        .        c        . 
Cornish  boilers  .        .        -        . 
Lancashire  boilers  .... 
The  nozzle  boiler       .        .        .        , 
Marine  boilers  with  natural  draught 
Marine  boilers  with  steam  jet 
Marine  boilers  with  air  pressure 
Locomotives  burning  coal  • 
Torpedo-boat  boilers 
Locomotives  burning  coke         c 


6  to  10 

lbs 

7  »  14 

8  „  15 

9  V  16 

10  „  30 

12  „  14 

14    ,y  18 

15    .,  26 

16    „  24 

28    „  30 

34    n  40 

40   „  65 

60    „  70 

65  „  lie 

-- 
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The  rate  of  Combustion  of  Tarioiui  Coals  in  lbs.  of  coal  burnt  pei 
square  foot  of  fire-grate  per  hour,  with  natural  draught,  is  as  follows : — 

Welsh  steam  coal  .    .  20  to  21  lbs.  per  sq.ft. of  fire-grate  per  hour. 
Newcastle  steam  coal  .  24  „  30      „  „  „ 

Yorkshire  steam  coal .  25  „  30      „  „  „ 

Lancashire  steam  coal  26  „  28      „  „  ,• 

The  Force  developed  liy  Combtistion,  or  its  dynamical  value,  may  be 
ascertained  by  multiplying  the  number  of  units  of  heat  developed  by  the 
complete  combustion  of  i  lb.  of  fuel  by  the  mechanical  equivalent  of  each 
unit  of  heat,  or  772.  Hence  the  force  developed  by  i  lb.  of  carbon  in  burn- 
ing to  carbonic  acid  is  equal  to  14500  x  772=11,194,000  foot  pounds. 

The  Force  developed  by  the  comidete  Combnstion  of  one  lb.  of 
good  Coalf  taking  its  calorific  power  at  14000  thermal  units  per  lb.  of  coal, 
is  equal  to  14000  x  772  =  10,008,000  foot  pounds,  or  equal  to  10,808,000 
pounds  raised  one  foot  high. 

The  Kome-power  theoretically  developed  by  the  heat  yielded  by  the 

complete  combustion  of  i  lb.  of  coal  per  hour  will  equal — 

10808000  foot  pounds  .    u^        ^ 

7 : . ^ 7 : =  5  4  horse-power,  represent- 

33000  foot  pounds  per  minute  X  60  mmutes 

ing  a  consumption  of  coal  per  indicated  horse-power  of  '185  lb  ,  a  result 

which  has  not  yet  been  attained  in  practice,  as  the  best  engines  only  perform 

about  one-tenth  of  that  duty. 

The  Actual  Power  developed  by  the  Combnstion  of  one  lb.  of 
Coal  in  Practice  is  on  an  average  equal  to  one-eleventh  part  of  the  power 
theoretically  developed  by  the  coal  in  first-class  compound  condensing 
engines,  or  '185  lb.  x  11  =  2*035  lbs.,  or  say  2  lbs.  coal-consumption  per 
indicated  horse-power  per  hour ;  but  in  some  cases  it  has  been  less  than 
this,  or  about  i^  lb.  In  high-pressure  non-condensing  engines  the  actual 
power  developed  is  on  an  average  only  about  one-twentieth  part  of  that 
theoretically  due  to  the  coal,  or  '185  x  20  =  37  lbs.  coal-consumption  per 
indicated  horse-power  per  hour. 

The  Coneumption  of  Coal  per  ITominal  Koree  per  Konr  averages 
10  lbs  in  ordinary  stationary  engines. 

Small  Vertical  Engines  with  vertical  boilers,  on  an  average  consume 
6  lbs.  of  coal  per  indicated  horse-power  per  hour. 

Stationary  EngineSf  non-condensing,  on  an  average  consume  from  3 
to  4  lbs.  of  coal  per  indicated  horse-power  per  hour. 

Stationary  EngineSf  condensing,  on  an  average  consume  from  i|  to 
2 J  lbs.  of  coal  per  indicated  horse-power  per  hour. 

Portable-Enginee  on  an  average  consume  4  lbs.  of  coal  per  indicated 
horse-power  per  hour. 

Stationary  and  Portable  Compound  ITon-condensing  Engines  on 
an  average  consume  from  2^  to  3  lbs.  of  coal  per  indicated  horse-power  per 
hour. 

Locomotive  Engines  on  an  average  consume  from  2  to  2^  lbs.  of  coal 
per  indicated  horse-power  per  hour. 

Bonble  Expansion  Compound  Marine  Engines  on  an  average  con- 
sume from  2^  to  2 f  lbs.  of  coal  per  indicated  horse-power  per  hour. 
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on  an  average  consume  from  I7  to  ij^  lbs.  of  coal  per  indicated  horse- 
power per  hour. 
The   IMiTereiioe  between  the  Theoretical  and  Actual   Force 

developed  by  steam-boilers  is  partly  due  to  imperfect  combustion  and 
partly  to  the  small  portion  of  the  total  heat  developed  by  combustion 
which,  in  practice,  can  be  applied  to  the  heating  sur^ces  of  boilers  and 
absorbed  by  the  water,  the  remainder  being  wasted,  owing  in  many  cases 
to  the  heating  surfaces  of  the  boiler  not  being  arranged  in  the  best  manner 
for  effectually  depriving  the  products  of  combustion  of  their  heat. 

In  order  to  obtain  high  economical  results  from  the  combustion  of  fuel, 
it  is  necessary  in  designing  steam-generators  to  understand  the  true  prin- 
ciples of  boiler-construction,  regarding  the  combustion  of  fuel  and  the 
liberation,  absorption,  radiation,  conduction  and  convexion  of  heat.  Com- 
bustion has  been  previously  treated,  and  the  following  subjects  may  now  be 
briefly  considered. 

Action  of  Flame  in  BoUer-Flne  Tubes. — Peclet  says,  in  speaking 
of  the  heating  of  liquids  by  gas,  as  for  example,  in  the  case  of  a  steam- 
boiler,  and  of  that  portion  which  does  not  receive  the  direct  rays  of  heat 
radiated  from  the  fuel  on  the  fire-grate,  that  is  to  say  in  the  flues,  the 
quantity  of  heat  which  traverses  the  plate  is  invariably  determined  by 
the  difference  in  temperature  on  its  opposite  sides;  the  absorbing  and 
emissive  powers  of  the  two  surfaces  of  the  platfe,  and  above  all,  by  the 
movements  of  the  sheets  of  gas  which  are  in  contact  with  the  metal. 
It  will  be  found  in  all  cases  that  the  rapid  renewal  of  layers  of  liquid  or 
gas  which  touch  the  surface  of  the  metal  plate,  has  a  great  influence  on  the 
transmission  of  heat ;  but  this  circumstance  is  much  more  important  in  the 
case  of  gases  than  in  the  case  of  liquids.  Suppose,  for  example,  that  the 
products  of  combustion  escape  at  a  high  temperature  into  a  circular  flue 
surrounded  with  water  which  we  wish  to  heat,  the  sheets  of  gas  which  are 
in  contact  with  the  plate  are  cooled  down  with  great  rapidity,  but  all  the 
little  elementary  currents  having  a  direction  parallel  with  the  axis  of  the  flue, 
the  sheets  of  gas  change  places  very  slowly,  because  the  only  cause  for  change 
lies  in  the  acquisition  of  density  which  results  from  cooling ;  but  this  change 
of  temperature  only  takes  place  in  the  upper  portion  of  the  flue,  and  it  tends 
to  produce  displacement  with  a  slow  speed.  Hence  if  the  section  of  a  flue 
be  considerable,  and  the  speed  at  which  the  gases  move  through  it  be  high, 
the  greater  part  of  the  central  veins  will  not  come  in  contact  with  the 
surface  of  the  plate,  and  they  will  therefore  preserve  their  original 
temperature. 

nie  Flame  in  passing  from  the  Furnace  through  the  Flue-Tube 
of  a  Cornish  Boiler  acts  in  a  similar  manner  to  the  above.  The  atoms  of 
heated  gas  come  in  contact  with  the  top  of  the  flue-tube,  impart  heat  to  it, 
and  as  they  move  along  the  flue  they  cool  and  sink  away  from  it  and  are 
replaced  by  others;  and  it  is  probable  that  the  central  portion  of  the 
volume  of  heated  gases  sweeps  through  the  flue  and  reaches  the  end  of  the 
boiler  without  coming  in  contact  with  the  surface  of  the  tube  and  without 
any  sensible  diminution  in  temperature.  The  gases  in  turning  round  the 
boiler-end  come  in  contact  with  bends  and  angles  and  are  thereby  broken 
up  and  yield  heat  which  would  otherwise  escape  to  the  chimney  unused. 
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This  shows  that  the  flame  operates  at  a  great  disadvantage  when  travelling 
through  a  horizontal  flue-tube  in  a  direction  parallel  to  its  axis,  and  means 
should  be  adopted  to  diffuse  the  heat  by  breaking  up  and  subdividing 
the  stream  of  heated  gases  in  order  to  cause  fresh  portions  of  the  gases  to 
come  in  contact  with  the  surface  of  the  tube,  which  is  best  effected  by 
placing  Galloway-tubes  in  the  flue.  If  these  tubes  are  properly  arranged 
and  placed  at  proper  intervals  the  flame  not  only  impinges  against  the  face 
or  surface  of  the  tubes  facing  the  fire,  but  where  there  is  a  good  body  of 
flame  it  laps  well  round  the  tubes,  becomes  split  up,  and  is  brought  into 
contact  with  the  main  flue-tube. 

The  name  in  passing  throngli  Small  Tubes,  such  as  boiler-tubes, 
assumes  a  winding  manner  which  considerably  adds  to  their  efficiency  as 
heating  surface,  because  the  whirling  motion  brings  fresh  portions  of  the 
products  of  combustion  against  the  surface  of  the  tubes.  The  flame  will 
pass  right  through  boiler-tubes  of  ordinary  diameter  and  length,  with  a 
proper  supply  of  air  to  the  furnace  and  a  moderate  draught. 

The  I^i^nets  of  Comhnstion  Escape  to  the  Chimney  at  a  Migh 
Temperature,  that  being  necessary  to  obtain  a  good  natural  draught,  the 
effect  of  heat  in  the  chimney  being  to  increase  the  draught  and  to  accelerate 
combustion.  The  heated  gases  pass  up  the  chimney  on  an  average  at  a  tem- 
perature of  from  400°  10425°  Fahr.  in  boilers  of  portable  engines;  at  from  552° 
to  600°  Fahr.  in  Cornish  and  Lancashire  boilers  and  marine  boilers,  with 
natural  draught,  and  at  from  400°  to  450°  Fahr.,  with  well-arranged  forced 
draught.  The  temperature  in  the  smoke-box  of  the  boiler  of  a  locomotive 
engine  generally  varies  from  450°  to  600°  Fahr.  when  the  engine  is  working 
lightly,  and  from  800°  to  900°  Fahr.  when  the  engine  is  hard  worked, 
according  to  the  load.  In  the  case  of  boilers  with  forced  draught  the 
products  of  combustion  may  be  utilised  in  heating  the  air  supplied  to  the 
furnace ;  if  the  air  abstract  from  the  escaping  gases,  in  passing  through  a 
heating  chamber  placed  in  the  chimney,  say  200°  of  heat,  and  18  lbs.  of 
air  be  required  per  lb.  of  coal,  then  200°  x  18  lbs.  x  '238  specific  heat  of 
air  =  856-8  units  of  heat  per  lb.  of  coal  consumed,  will  be  recovered  by 
the  air  from  the  waste  gases  which  would  otherwise  escape  up  the  chimney 
and  be  wasted. 

The  Proportion  of  the  Total  Keat  Developed  on  the  Fire-grate 
which  is  absorbed  by  the  surfaces  surrounding  the  fire,  varies  considerably 
in  different  boilers.  Peclet  found  that  one-half  the  heat  of  a  fire  of  peat 
was  given  out  by  radiation.  The  radiant  power  of  coal  and  other  fuels 
may  be  taken  at  the  same  as  that  of  peat,  so  that  of  the  total  heating  power 
of  coal  and  other  fuels  one-half  the  heat  is  given  out  by  radiation  and  the 
remainder  is  absorbed  by  the  air  in  passing  through  the  fire,  which  in  the 
case  of  a  steam  boiler  is  partly  recovered  by  passing  the  products  of 
combustion  through  fines  surrounded  by  absorbing  or  heating  surfaces. 

The  Temperature  of  the  Products  of  Combustion  at  BifTerent 
Stages  between  the  Fire  and  the  Chimneyf  may  be  ascertained  by 
a  series  of  calculations  which  may  be  illustrated  by  taking  the  case  of  the 
plain  cylindrical  egg-ended  steam-boiler,  shown  in  Fig.  51,  and  calculating 
the  temperature  of  the  gaseous  products  of  combustion  at  various  points  of 
the  length  of  the  boiler.  Then,  let  the  external  diameter  of  the  boiler  be 
4  feet;  length  of  boiler,  37  feet;    length  of  fire-grate,  5  feet;  and  width 
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of  fire-grate,  4  feet.  Taking  the  maximum  calorific  power  of  coal  of 
average  quality  at  14300  units  per  lb.,  and  allowing  10  per  cent,  for 
imperfect  combustion,  it  leaves  14300  —  1430=12870  units, 
the  available  quantity  of  heat.  The  quantity  of  air  required 
with  natural  draught  will  be  24  lbs.  for  each  pound  of 
coal,  and  the  temperature  of  the  air  on  admission  to  the 
fire  will  be,  say,  60°  Fahr.  In  externally-fired  boilers  only 
one-fourth,  of  the  heat  developed  by  the  combustion  of 
fuel  on  the  fire-grate  is  given  out  by  radiation  to  the  boiler 
over  the  fire,  the  remainder,  or  three-fourths,  being  carried 
off  by  the  air  which  passes  through  the  furnace.  There- 
fore, 12870  -f-  4  =  3217  units  of  heat  will  be  absorbed  by 
the  surface  of  the  boiler,  and  the  remainder,  or  12870  — 
3217  =  9653  units  will  escape  past  the  bridge  of  the 
furnace.  The  tem- 
perature of   the  air  

and  the  gaseous  pro- 
ducts of  combustion 
when  passing  from 
the  fire  over  the 
furnace-br.dge,  will 
be 


Fig.  5z. — Method  of  setting  plain  cyKndncal  or  egg^-shaped  boilers. 


9653  units  of  heat 


-  +  60°  initial 


24  lbs.  of  air  x  '238  the  specific  heat  of  air 

temperature  =  1750°  Fahr. 

If  the  absolute  pressure  of  the  steam  in  the  boiler  be  70  lbs.  per  square 
inch  the  temperature  of  the  boiler  will  be  303°  Fahr.,  and  the  quantity  of 
heat  abstracted  from  the  gases  on  their  way  to  the  chimney  at  different 
points  in  the  length  of  the  boiler,  will  be  in  proportion  to  the  difference 
between  the  temperature  of  the  escaping  gases  at  each  point,  and  the  tem- 
perature of  the  boiler.  As  the  gases  give  out  the  greatest  heat  after  passing 
the  furnace-bridge  for  a  distance  equal  to  about  the  length  of  the  fire-grate, 
it  may  be  assumed  that  one-fourth  of  this  difference  of  temperature  will  be 
given  up  from  point  to  point  for  that  distance,  and  one-eighth  of  this  differ- 
ence from  point  to  point  for  the  remainder  of  the  length  of  the  boiler,  and 
the  temperature  at  the  different  points  may  be  calculated  as  follows, 
supposing  no  heat  is  lost  in  heating  the  setting : — 

The  temperature  of  the  gases  at  the  furnace-bridge  =  1750®  Fahr. ;  tem- 
perature of  boiler  =  303°  Fahr., 


,388-^388-303^ 
„,y-"'7-303, 


1005-1525^323 

O 


1388*^  Fahr.,  the  temperature  of  the  first  point 

beyond  the  bridge. 

1 1 17*^  Fahr.,  the  temperature  of  the  second 

point  beyond  the  bridge. 

1005*^  Fahr.,   the  temperature  of  the  third 

point  beyond  the  bridge. 

s  917*^  Fahr.,  the  temperature  of  the  fourth 

point  beyond  the  bridge. 


Temperature  at  the  bridge  of  the  furnace 

Temperature  at  a  distance  of  2  ft.  6  in,  beyond  the  bridg 

i>     >>     >»     5  »»  ^  "  »»  »» 

1;  l>  l»  O   „   O   ly  ,,  I) 

>>  l>  l»  *  *    J>   O   }j  })  ,y 

if  if  i»        ^4  >>  O  >#  >>  » 

>»       >>       »»      17  »  o  «  >»  » 

>f  »  »>  20   >>   O   II  1)  ly 

>>  »»  >l  23   »>   ^   »»  »»  >» 

>»  >>  »l  2^   >>   O   II  l>  >» 

>»  »>  >»  29   >»   ^   »»  >»  J» 
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And  so  on  for  the  remaining  points  in  the  length  of  the  boiler,  the  results 
being  as  follows  : — 

Temperature  of  the  Gaseous  Products  of  Combustion  at^  and  beyond  the 
Bridge  of  the  Furnace  of  the  Boiler  shown  in  Fig,  51  : — 

Degrees  Fahr. 
1750 
1388 
III7 
1005 
917 
840 

773 
714 
663 

618 

578 
at  end  of  boiler  or  entrance  ) 
"  "         3^  "  °     to  the  flue  of  the  chimney  j    544 

The  walls  sho^vn  in  Fig.  5 1  behind  the  furnace-bridge,  form  baffling- 
bridges  to  insure  the  contact  of  the  gaseous  products  of  combustion  with 
the  heating  or  absorbing  surface  of  the  boiler,  and  to  retard  the  escape 
of  the  gases  and  promote  their  admixture  vith  the  air.  This  is  the  best 
method  of  setting  plain  cylindrical  or  egg-ended  boilers  of  proper  length. 
It  will  be  seen  from  the  above  temperatures  at  various  points  in  the  length 
of  the  boiler,  that  it  is  necessary  to  make  this  class  of  boiler  of  sufficient 
length  to  prevent  the  gases  escaping  to  the  chimney  before  they  have 
been  thoroughly  deprived  of  their  heat.  For  instance,  if  the  boiler  had 
only  extended  to  a  length  of  1 1  feet  beyond  the  bridge,  the  gases  would 
escape  to  the  chimney  at  917^  Fahr.,  causing  a  loss  of  917—544  =  373° 
of  heat.  The  quantity  of  heat  lost  when  the  gases  enter  the  chimney  at  a 
temperature  of  544°  Fahr.  is  =  544—60  x  (24  lbs.  of  air  x  •  238  specific 
heat  of  air)  =  2765  units,  and  the  quantity  of  heat  lost  if  the  gases  entered 
the  chimney  at  917^  Fahr.  would  be  =  917  —  60  x  (24  x  *  238)  =  4896 
units,  showing  a  loss  of  heat  =  4896—2765  =  2131  units  greater  with  the 
short  than  with  the  long  boiler  above  described,  which  allows  the  gases  to 
escape  at  32  feet  beyond  the  bridge  at  a  sufficiently  high  temperature  to 
ensure  a  proper  draught. 

Abfloxption  is  the  power  of  taking  in  heat.  Coated  surfaces  absorb 
more  readily  than  uncoated  surfaces.  Good  radiators  of  heat  are  good 
absorbers,  and  bad  radiators  are  bad  absorbers  of  heat.  For  instance, 
lampblack  is  a  good  absorber  of  heat  and  also  a  good  radiator,  hence  the 
same  numbers  which  express  the  relative  radiant  powers  of  any  series  of 
substances  will  also  express  their  relative  absorbent  powers. 

K«at  is  Commimioated  from  one  body  to  another  in  three  ways  :*- 

I  St.  By  direct  contact,  called  conduction, 
2nd.  By  right  lines,  called  radiation. 
3rd.  By  carrying,  called  convection. 
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Conduction  is  the  power  that  substances  possess  of  conducting  heat 
from  other  bodies  in  immediate  contact  with  them,  the  power  varying 
according  to  the  nature  of  the  substance.  The  conducting  power  of  metals 
when  pure  is  nearly  the  same  for  heat  and  electricity. 

Woods  conduct  better  in  the  direction  of  the  fibre  than  across  the  fibre. 
The  conducting  power  of  the  bark  of  a  tree  is  lower  than  that  of  the 
wood. 

Von-Conductora  of  Eeat,  or,  more  properly,  slow  or  bad  conductors 
or  retainers  of  heat  are  the  following,  viz.,  stones,  glass,  terra-cotta,  brick- 
work, straw,  white  paper,  wool,  hair,  felt,  &c.,  each  being  successively  lower 
in  their  conducting  powers  according  to  careful  experiments,  the  results  of 
which  are  given  in  the  following  Table : — 


Table  31. — Heat  Conducting  Power  of  Various  Substances  by 

WiEDMANN    AND    FraNTZ,    AND    OtHERS. 


Silver  .        .        .     . 
Copper     . 

Gold    .... 
Tin  .... 
Iron     .        .        .     . 

100 
73*6 
53'2 

11-9 

Steel 

Lead    .        .        .     . 
!  Platinum  . 
Rose's  alloy .        .     . 
Bismuth    . 

11*6 
8-5 

8-4 
2-8 
1-8 

Stone  .        .        .     . 

Glass 

Terra-cotta  .        .     . 

Brickwork 

Coal-ashes,  fine    .     . 

Chalk,  powdered 

Chaff  .... 

Bran 

Straw,  chopped     .     . 

100 

50 
30 

25 

IO-8 

6-3 
5-6 

4'5 
4-0 

Wood-ashes          .     . 
Mahogany  sawdust    . 
Hemp 

Cork-chips   .        .     . 
White  writing  paper  . 
Cotton  wool  or  lint    . 
Sheep's  wool     . 
Hair  felt       .        .     . 
Eiderdown 

37 

3-6 

3*3 

31 
2-5 

2-4 

23 

2'I 

2'0 

Badiation  is  the  heating  effects  produced  by  direct  rays  from  a  hot  body 
through  space,  as  light  is  from  that  of  a  luminous  body,  the  heating  effect 
being  inversely  the  square  of  the  distance  from  the  hot  body.  If  at  any  given 
distance  a  certain  heating  effect  is  produced,  at  twice  that  distance  the  power 
or  effect  will  be  one-fourth,  and  at  three  times  the  distance  one-ninth ;  but 
the  radiating  powers  of  substances  vary  in  effect  with  the  nature  and  colour 
of  their  surfaces.  Thus,  polished  iron  does  not,  at  the  same  temperature, 
give  out  so  much  heat  by  radiation  as  when  its  surface  is  in  a  corroded  state. 
Hence  the  cylinder  covers  of  engines  should  be  kept  constantly  bright  to 
prevent  loss  of  heat  by  radiation.  A  white  surface  will  not  diffuse  heat  by 
radiation  equal  in  quantity  to  that  of  a  darker  colour.  Bodies  coated  with 
a  thin  plate  of  bright  metal  suffer  very  little  loss  from  radiation  of  heat. 
Leslie  found  that  a  tin  vessel  filled  with  hot  water  and  covered  with  lamp- 
black possessed  a  radiating  power  of  100.  The  following  Table  contains 
the  comparative  radiating  power  of  other  materials. 

K 
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Table  32. — Radiating  Power  of  Materials. 


Surface  covered  with  lampblack    .... 

9f 

white  lead 

» 

writing  paper 

>> 

resm         .... 

99 

ordinar}'  white  glass 

9> 

China  ink 

}> 

red  lead       .... 

»> 

plumbago 

»> 

isinglass       .... 

99 

tarnished  lead  . 

»» 

scratched  tin        .        .        . 

»» 

mercury    .... 

)) 

polished  lead 

»» 

polished  iron    . 

»> 

tin-plate       .... 

>l 

gold,  silver,  copper,  each  . 

Other  authorities  consider  that  the  radiating  power  of  the  metals  given 
above  are  about  70  per  cent,  too  large. 

The  ]&088  of  Heat  by  Badiation  from  Steam-pipes  is  considerable, 
even  when  the  pipes  are  clothed  with  a  non-conducting  material,  as  will  be 
seen  from  the  following  Table,  which  contains  the  results  of  careful  experi- 
ments to  determine  the  loss  by  radiation  from  steam-pipes  protected  with 
various  non-conducting  materials.  The  best  results  were  obtained  with 
hair-felt  surrounded  with  a  covering  of  burlap,  and  it  was  found  that 
coverings  owe  their  efficiency  chiefly  to  their  interstices  being  filled  with  air, 
but  not  being  open  enough  to  permit  a  circulation. 

Table  33. — Radiation  from  Steam-pipes  Covered  with  Various  Non- 
conducting Materials,  the  Results  being  given  in  Pound- 
Fahrenheit  Heat-Units  Radiated  per  Hour,  from  a  Surface  op 
One  Square  Foot,  the  results  of  Experiments  by  Professor 
Ordway. 


Material. 

Diameter, 
Inches. 

Weight 

per  Font, 

Ounces  Avoir. 

Pound- Fahr., 
Heat  Units 
per  So.  Fl 
per  Hour. 

Hail-felt,  burlap 

It            ,,...... 

Asbestos-paper,  hair  felt,  duck  .        .        .     . 

„                  y,        paper-duck 

>i                 >>                 fi        •        •  .  ' 

»i                       >>                       a                •          ' 

99                                  f>                                   ,1                .                 .         . 

Fossil -meal  with  12  per  cent,  cork  dust  . 

,,           „    strawboard       .        .        .    . 

Paste  of  fossil-meal  and  hair  .... 

)»            If                »»            .... 

„           „         asbestos 

5 '37 

4*5 

4*5 

4-5      . 
5-0 

40 

4*5 
512 

512 

475 
425 
4*12 

4'5 

21*4 
13 '2 

173 
19-9 

i8>4 

17*2 

161 

247 

20 '8 

607 

319 
269 

34*4 

51*0 
566 

597 
62-5 

63-8 
706 

77'9 
648 

68*4 

839 
91*0 

93-1 
II7S 
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Material. 


Best  slag- wool,  strawboard 

Asbestos-paper,  slag-wool,  as1)estos- paper 
Air  space,  tin-plate,  hair  felt,  duck     . 
strawboard,  cork,  strawboard 
hair-felt,  drilling 


If 
>» 
»> 
» 

it 
>> 

>» 

«> 
>> 


»» 


)f 


»» 


If 
II 

II 
II 
19 
II 


asbestos-paper,  paper-cylinder    . 
strawboard,  hair-felt 

sphagnam,  cotton-cloth 
pine  -  turnings,    straw 

board 
paper-pulp,  strawboard 
rice-chaff,  strawboard 
cotton-roving  stair-pad 
wire-netting,  paste  of 
fossil-meal,  asbestos 
multiplex,     with    strawboard    and 

cords  .... 

strawboard,  cotton-roving . 
simple    ..... 


II  II  •        • 

Silicated  cork-chips,  drilling   . 


i« 


»i 


II 


Air  space,  strawboard,  cork-chips,  strawboard 

Cork  in  strips 

Silicated  pine-charcoal        .... 

nard  wood        .... 

rice-chaff,  cotton-cloth 


II 

11 


II 


•I  i»  II 

Rice-chafi,  strawboard 

Air  space,  strawboard,  rice-chaf!,  strawboard 

Rice-chaff,  strawboard    . 

Paper  made  of  wool-pulp  and  wool-waste 

Cotton-batting 

Air  space,  as^tos  paper,  paper  cylinder 

Straw  rope,  four  thicknesses  cotton  cloth    . 

Silicated  cotton-seed  hulls,  drilling  . 

Blotting-paper 

Asbestos-paper 


II 


II 


Anthracite  cool-ashes  (fine),  strawboard   . 
Bituminous        „ 
Anthracite         „       (coarse) 
Paste  of  fossil-meal  and  hair 


}i 
II 


II 
II 


II 


*i 


Air  space,  fossil-meal  and  hair,  asbestos  . 


Carbon,  plaster-of-paris,  flour  and  hair.   . 
Clay  and  vegetable-fibre     .... 
Anthracite-a^es,  plaster-of-paris,  flour  and  hair 
Clay  and  vegetable-fibre 
Naked  pipe 


Diameter, 
Inches. 


475 
425 
400 

475 
512 

512 
512 

475 
475 
475 

5'12 
5*12 

512 

475 
5  "00 

4'37 
425 
294 

475 

525 

5 '25 
5*12 

362 
525 

5 'GO 

475 
5'25 

5'12 
5*12 

375 
4*37 

4 'CO 

475 
450 

5*12 

4 'CO 
4*00 
287 
5*oo 

5  "CO 

5*12 

475 
425 
4*12 
5  00 

450 
450 
5-25 
475 
425 


Weight 

per  Foot, 

Ounces  Avuir. 


132 

241 
26-2 
20-8 


Found- Fahr., 

Heat  Units 

per  So.  Ft. 

per  Hour. 


66-6 

905 

117 -o 

697 


120 

790 

•  •  • 

790 

•  •  ■ 

79  5 

293 

811 

I2'0 

821 

10*6 

85-8 

14*0 

89-6 

137 

917 

171 

946 

14*6 

960 

41 'O 

ii3'4 

28  I 

115-3 

8-3 

124*0 

•  •  • 

195 '4 

•  •  • 

2000 

148 

71-4 

147 

727 

I2-0 

790 

67 

1053 

34-5' 

78*3 

41  9 

97-8 

227 

8o-2 

1^7-5 

85*4 

167 

870 

171 

94*5 

8-4 

109-5 

305 

78-1 

60 

797 

293 

8ri 

20 '2 

969 

51^ 

1076 

289 

127-8 

■  •  • 

131 -2 

«  •  • 

2237 

376 

968 

41 -2 

984 

57*3 

131*2 

607 

83-9 

319 

91  0 

26  9 

93  I 

41  0 

"34 

35  4 

117*5 

330 

106  *{; 

941 

146*0 

792 

155-4 

65 -2 

2053 

•  •  • 

15551 

U  2 
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Conveotion  is  the  power  possessed  by  fluids  of  conveying  heat  acquired 
at  one  place  to  another  place.  Convection  is  caused  by  currents  both  in 
air  and  water.  Smoke  ascends  the  chimney,  and  ventilation  is  caused  by 
the  same  principle.  Gaseous  bodies,  from  the  great  mobility  of  their 
particles,  are  the  most  rapid  conveyers,  although  they  are  the  slowest  con- 
ductors of  heat.  Any  body  hotter  than  the  air  heats  it  and  sets  it  in  motion 
in  an  upward  current,  which  may  be  seen  rising  from  highly  heated  bodies, 
and  the  particles  which  rise  are  immediately  replaced  by  the  influx  of 
other  particles  from  every  side.  The  slightest  difference  in  temperature  is 
sufficient  to  produce  these  effects,  hence  the  rapidity  with  which  air  reduces 
solid  bodies  to  its  own  temperature.  A  body  colder  than  the  air,  such  as  a 
lump  of  ice,  produces  an  opposite  action ;  it  cools  the  air  in  contact  with 
it,  which,  becoming  denser,  descends  in  a  continual  stream,  supplied  by  an 
influx  of  air  from  all  sides  to  the  ice,  until  the  whole  is  melted. 

Heat  in  distributed  by  Convection  through  the  Water  in  a 
Boiler,  the  heat  imparted  to  the  outside  of  the  plate  from  the  furnace,  is 
conducted  through  the  plate,  and  the  water  in  contact  with  it  absorbs  heat, 
expands,  and  rises  from  it,  and  colder  water  immediately  descends,  and 
occupies  its  place.  Water,  being  a  bad  conductor  of  heat,  can  only  be 
warmed  very  slowly  by  conduction.  Owing  to  the  low  conducting  power 
of  water,  the  application  of  heat  to  its  upper  surface  is  of  no  effect  in 

heating  the  mass  of  water  beneath,  and  it  may  be  boiled 
at  the  surface,  while  a  lump  of  ice,  fixed  at  the  bottom, 
remains  unmelted,  as  shown  at  Fig.  52. 

Effect  of  Heat  on  Water. — ^There  is  no  change  of 
temperature  in  liquids  under  ordinary  conditions  without 
causing  a  displacement  of  particles.  If  heat  be  applied 
under  a  vessel  of  water,  the  particles  near  the  bottom 
of  the  vessel  being  heated  first  and  expanding,  become 
specifically  lighter  and  ascend;  colder  particles  occupy 
their  place,  become  heated  and  ascend  in  their  turn,  and 
thus  a  current  is  established,  the  heated  particles  rising 
up  through  the  centre  and  colder  particles  descending 
at  the  sides.  Hence  ample  area  should  be  provided  in 
Fi  a  —  A  11  i  n  ^^^  watcr-spaccs  of  boilers  for  both  ascending  and  de- 
?f  l^t  to  tfTsurf^  scending  currents.  The  heat  is  not  conducted  from  par- 
of  water.  ^|^^^g  ^q  particle  without  displacement,  as  in  the  case  of 

solids;  but  each  particle,  as  fast  as  it  receives  a  fresh  accession  of  heat, 
conveys  it  to  a  distance,  displacing  other  and  colder  particles  in  its  progress. 
When  Heat  is  applied  to  the  Sorfkce  of  Water  it  is  not  diffused  by 
convection,  but  creeps  very  slowly  downwards  by  conduction.      Hence  , 

water  placed  underneath  a  hot  tube  on  being  heated  and  becoming  lighter  | 

clings  to  the  surface  above  it  and  diffuses  no  heat  downwards :  for  instance, 
In  Cornish  boilers,  without  Galloway  tubes  for  promoting  the  circulation,  the 
water  under  the  flue-tube  is  frequently  comparatively  cold  some  time  after 
the  steam  has  been  raised.  It  will  be  seen  from  this  that  the  under  portions  ' 

of  the  internal  flue-tubes  of  boilers  are  almost  of  no  value  for  raising  steam. 
Circulation  is  caused  by  the  difference  of  density  of  water  in  a  boiler, 
due  partly  to  difference  of  temperature,  but  principally  to  the  action  of  steam- 
bubbles,  which  lighten  the  water,  hence  there  is  a  difference  of  density  of 
those  portions  which  produce  the  most  and  the  least  steam. 
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The  latent  Heat,  L,  of  Saturated  Steam,  at  any  given  tem- 
perature, T,  in  degrees  Fahr.,  may  be  found  by  this  Rule:  £=966—7 

(T-2I2^). 

Example:  Required  the  latent  heat  of  steam  of  43 lbs.  absolute  pressure, 
the  temperature  of  which  is  272**  Fahr.  Then  272— 212x7=42^  and 
^65°..42°=924  units  of  latent  heat  per  lb.  of  steam. 

Total  Heat  of  Steam. — The  sensible  heat  required  to  raise  the  tem- 
perature of  water  from  the  freezing  to  the  boiling  point  is  212°  Fahr.— 32° 
Fahr.=  i8o  thermal  units,  the  latent  heat  of  evaporation  of  i  lb.  of  steam 
at  atmospheric  pressure  is  966,  hence  the  total  heat  in  i  lb.  of  steam  at 
atmospheric  pressure  is  966  +  180=1146  thermal  units,  being  the  amount 
of  heat  expended  in  the  generation  of  i  lb.  of  saturated  steam  at  212°  Fahr. 
from  water  at  32**  Fahr. 

The  Total  Heat,  H,  incorporated  in  i  lb  of  saturated  steam  at  the 
temperature,  T,  is  equal  to  the  latent  heat  of  evaporation  of  steam  at  nearly 
32°  Fahr.,  increased  by  the  product  '305  T.  It  is  expressed  by  the 
formula: — H=  1082 +  '305  T. 

Example:  Required  the  total  heat  of  steam  at  a  temperature  of  310° 
Fahr.  Then  310X •305=94*55  and  io82  +  94-55=ii76-55,  or  in  round 
numbers  there  are  11 77  total  number  of  units  of  heat  in  i  lb  of  steam  at 
310°  Fahr.,  or  jj  lbs.  absolute  pressure. 

The  Volnme  of  Steam,  or  number  of  cubic  feet  of  steam,  evaporated 
from  I  cubic  foot  of  water,  compared  with  that  of  water  at  39*  Fahr.,  may 
be  calculated  by  the  following  formula  of  Fairbaim  and  Tate : — 

Let  V=the  volume  of  saturated  steam  at  the  pressure,  P,  measured  by 
the  height  of  a  column  of  mercury  in  inches. 

Then  V  =  25-62 +4^513  • 

Example:  Required  the  relative  volume  of  steam  of  31  lbs.  absolute 
pressure,  or  63*  15  inches  pressure  in  inches  of  mercury. 

Then  63*15 +  72=63*87  and  495I3-h63'87=775'23  and  775*23 +  25*62 
=800*85  relative  volume. 

The  Fresnre  of  Steam  measured  in  Inches  of  Mercury  may  be 
found  by  the  converse  of  the  last  formula  as  follows  : — 

P=   495iL.     .73. 

¥  —  25-62 

Example :  Required  the  pressure  in  inches  of  mercury  of  steam  of  80*085 
relative  volume  as  given  in  the  last  example. 

Then  800*85  — 25'62=775*23,  and  495 13-5- 775*33=63-87,  and  63*87-- *72 
=63*15  inches  of  mercury,  the  pressure  of  the  steam. 

The  Efficiency  of  a  Steam-boiler  is  usually  expressed  by  the  weight  of 
water  evaporated  to  steam  per  lb.  of  fuel,  from  and  at  212°  Fahr. 

The  Sqnivalent  Weight  of  Water  Evaporated  to  Steam  from  and 
at  212°  Fahr.,  the  weight  of  water  being  supplied  at  a  given  temperature 
and  evaporated  at  a  given  pressure,  may  be  calculated  as  follows  : — 

Let  H  =  the  total  heat  of  the  steam  at  the  given  absolute  pressure,  which 
may  be  found  in  Table  79 :  t  =  the  temperature  of  the  feed-water ;  F  = 
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the  factor  ot  evaporation;  W  =  the  actual  evaporation  per  lb.  of  fuel; 
W,  =  the  equivalent  weight  of  water  evaporated  as  from  and  at  212°  Fahr. 

C  =  a  constant  divisor  =  966  for  feed- water  supplied  at  212''  Fahr.,  this 
being  the  standard  usually  adopted  in  Boiler-Tests.  When  the  equivalent 
weight  of  water  is  to  be  evaporated  as  from  a  less  temperature  than  212° 
Fahr.,  then — 

C  =  a  constant  divisor  =  1078  for  feed-water  supplied  at  lOO**  Fahr. 

C  =  do.  1 1 16  do.  do.  62*    do. 

The  water  in  each  case  to  be  taken  as  evaporated  at  212°  Fahr. 

Then  F  =  ^+3'-t.  and         W,  =  W  x  "  +  -\'-^ 

Example :  Steam  is  generated  at  65  lbs.  per  square  inch  absolute  pres- 
sure, the  temperature  of  the  feed-water  is  icx)°  Fahr.,  and  81bs.  of  water  are 
evaporated  per  lb.  of  coal.  Required  the  equivalent  weight  of  water  evapo- 
rated as  from  and  at  212^  Fahr.  H=ii73  units  of  heat  per  lb.  in  steam  of 
65  lbs.  absolute  pressure. 

Then  1173-1-32=1205  — 100=1105 -f-966=i'i43,  the  factor  of  evapora- 
tion, and  8  lbs.  x  1*143  =  9*144  ^^^-t  ^^^  equivalent  weight  of  water 
evaporated  per  lb.  of  fuel. 

The  W^glit  of  a  Cubic  Foot  of  Steam  at  various  temperatures  is 
obtained  by  dividing  62*5  the  weight  of  a  cubic  foot  of  water  by  the  relative 
volume  of  steam. 

Example:  Required  the  weight  in  lb.  per  cubic  foot  of  steam  of  30  lbs. 
absolute  pressure,  the  volume  of  which  compared  with  one  cubic  foot  of 
water  at  39®  Fahr.  is  827  cubic  feet. 

Then  62*5-r-827=*0755  lb.  weight  of  one  cubic  foot. 

Evaporative  Power  of  Fuel. — The  evaporation  of  i  lb.  of  water  at  a 
temperature  when  evaporisation  commences,  or  212°  Fahr.  to  steam  of  the 
same  temperature,  requires  the  addition  of  966  units  of  heat.  Therefore  if 
the  maximum  calorific  power  of  the  fuel,  or  the  number  of  thermal  units  it 
will  develop  per  lb.  in  burning,  be  divided  by  966,  it  will  give  the  number 
of  lbs.  of  water  that  each  lb.  of  fuel  is  theoretically  capable  of  evaporating 
to  steam  from  and  at  212*^  Fahr. 

If  the  temperature  of  the  water  be  less  than  212°  Fahr.,  say  loo^  a 
further  quantity  of  heat  will  be  required  amounting  to  212—100=112 
thermal  units,  and  this  quantity  must  be  added  to  the  divisor,  increasing  it 
to  966-1-112=1078. 

Example :  Required  the  quantity  of  water  in  lbs.  which  coal,  having  a 
total  heat  of  combustion  of  14297  thermal  units,  is  capable  of  evaporating 
for  each  lb.  of  coal  burnt.     Then  14297-7-966=14-8  lbs  of  water. 

The  heat  developed  by  hydrogen  is  431  times  as  great  as  that  of  carbon, 
hence  the  evaporative  power  of  any  fuel  may  be  found  by  the  following 
formula,  where  C,H,0  represent  the  constituents,  carbon,  hydrogen,  and 
oxygen,  U  =  the  thermal  units  developed  by  the  fuel,  and  E  represents  its 
evaporative  power. 

The  quantity  ^  represents  the  deduction  to  be  made  from  the  constituent 
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hydrogen,  or  that  portion  which  forms  steam  with  the  constituent  oxygen. 
The  number  14500  is  the  thermal  units  developed  by  one  lb.  of  carbon  in 
burning  to  carbonic  acid. 

Example:  Required  the  evaporative  power  of  coal  composed  of  '86 
carbon ;  -05  hydrogen ;  '03  oxygen. 

Then  15   j  '86  carbon +  4*3 1  f '05  hydrogen— '03  oxygen  J 

=*034-8=*oo72— •05=*0428x4'3i  =  *i84-h-86=i'044  X  15=15-66  lbs. 
of  water  per  lb.  of  fuel,  the  maximum  theoretical  evaporative  power  of  that 
coal,  which  is  much  greater  than  that  realised  in  practice. 

The  Tlieoretical  Evaporative  Power  of  Coal  and  other  fuels  in 
lbs.  of  water  evaporated  per  lb.  of  fuel  from  and  at  2 1 2^  Fahr.  is  given  in 
the  following  Table. 

Table  34. — Theoretical  Evaporative  Power  of  Fuel  in  lbs.  of 

Water  Evaporated  per  lb.  of  Fuel. 


. 

Lbs.  of 

Lbs.  of 

Water 

Water 

Description  of  Fuel. 

evaporated  to 
Steam  from  ! 

Description  of  Fuel. 

evaporated  tc 
Steam  from 

and  at  ax2* 

and  at  aza* 

Fahr. 

Fahr. 

1         lbs. 

lbs. 

Petroleum     . 

22 

Newcastle    coal,    good, 

Creosote-oil  or  tar-refuse 

18 

average        .        .     . 

14*80 

Asphalte  .        .        .     . 

17-18 

Lancashire  coal    . 

14-60 

Welsh  coal,  Ebbw  Vale  . 

16-82 

Derbyshire  coal        .     . 

14-50 

Welsh    coal,     Powell's 

Yorkshire  coal 

14-38 

Duffryn 

16-34 

Scotch  coal,  best      .     . 

14*15 

Welsh  coal,  best  Aber- 

English  coal,  average  of 

dare     .        .        .     . 

15*93 

a  number  of  samples 

Welsh  coal,Llangennech 

15-25 

of  good  steam-coal    . 

14-00 

Welsh  coal,  Anthracite 

Coke    .... 

1300 

(Jones  &  Aubrey) 

14-59 

Mixture  of  i  part  eacli 

Welsh  coal,  average  of  a 

of  broken  coke  anl 

number  of  samples  of 

good  slack 

lO'OO 

good  steam-coal    .     . 

15-50 

Peat,  dry .        .        .     . 

lO'OO 

Patent  fuels  . 

15-48 

Breeze  and  slack,  equal 

Bituminous  lignite    .     . 

14-90 

parts    .        .        .     . 

800 

Perfect  lignite 

1200 

Wood,  dry    . 

7-50 

Imperfect  lignite       .     . 

IO-I2 

Tan-refuse — Oak  bark  . 

6-50 

Best  Newcastle    steam- 

Straw       .        .        .     . 

4-00 

coal  .... 

1530 

The  Actual  Evaporative  Power  of  various  Steam-Coals  of  good 
quality,  and  other  fuels,  the  average  results  of  a  number  of  boiler-tests  with 
natural  draught,  in  lbs.  of  water  evaporated  from  and  at  212^  Fahr.,  per  lb. 
of  fuel,  is  given  in  the  following  Table  :^ 
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Table  35. — Actual  Evaporative   Power  of  various  Steam-Coals  and 

OTHER  Fuels,  with  Natural  Draught. 


Description  of  Fuel. 


Welsh  Steam-coal 

Crude  petroleum-oil 

Best  Newcastle  steam-coal 

Best  Lancashire  steam-coal 

Creosote-oil,  or  residue  from  the  distillation  of  tar 

Newcastle  steam-coal,  good  average 

Lancashire  steam-coal,  good  average         •        .        •        . 

Yorkshire  steam-coal 

Coal,  good,  average  of  a  number  of  samples  from  various 

districts 

Coal,  medium  quality,  average  of  a  number  of  samples  from 

various  districts 

Best  slack,  average  of  a  number  of  samples  from  various 

districts 

Common  slack,  average  of  a  number  of  samples  from  various 

districts 

Breeze  and  common  slack,  mixed  half  and  half  by  weight  . 

Tan-refuse — Oak  bark 

Coal-dust  and  sawdust,  mixed  half  and  half  by  weight  .     . 


Lbs.  of  Water 

evaporated  pei 

lb.  of  Fuel. 

lbs. 
12*50 
12*25 

I2*00 

11*90 

irio 

II  00 
10-85 
10 

9 

7i 

6i 

6 

The  Aotnal  Evaporative  Power  of  Fuel  in  Practice  is  much 
less  than  the  theoretical  power.  The  total  heat  which  may  be  developed 
by  the  combustion  of  i  lb.  of  good  coal  will  theoretically  evaporate  14  lbs. 
of  water  from  100°  Fahr.  to  212°  Fahr.  With  a  clean  boiler,  good  coal  and 
skilful  firing,  from  10  to  12  lbs.  of  water  at  212°  Fahr.,  have  been 
evaporated  per  lb.  of  coal  with  natural  draught,  and  a  well-arranged  boiler 
should  evaporate  10  lbs.  of  water  per  lb.  of  coal.  Few  boilers  evaporate 
more  than  from  8  to  9  lbs.  of  water  per  lb.  of  coal  burnt,  and  a  great  many 
only  evaporate  7  lbs.  of  water  per  lb.  of  coal,  or  one-half  the  theoretical 
quantity.  The  difference  between  the  theoretical  and  actual  evaporation  is 
chiefly  due  to  radiation,  imperfect  combustion,  and  to  the  quantity  of  heat 
necessarily  expended  in  producing  chimney-draught  when  natural  draught 
is  used  for  combustion.  Therefore  it  is  not  possible  in  practice  to  use  all 
the  available  heat. 

In  a  careful  test  of  a  Cornish  boiler  with  natural  draught,  812  lbs.  of 

good  small  coal  evaporated  6691  lbs.  of  water  at  55°  Fahr.  to  steam  at 

«,^oT7«i,^        (1178°—  55°)  X  6601  lbs.  of  water  ^^         ..^     .  ,^. 

212   Fahr.  =  ^ — (■ _  •^-^,/ — ^-— =  9254  units  of  heat 

8 1 2  lbs.  of  coal  burnt 
per  lb.  of  coal,  and  equal  to  6691  -f-  812  =  8*24  lbs.  of  water  evaporated 
per  lb.  of  coal. 

The  laOBB  of  Eeat  in  a  Boiler-Furnace  is  caused  chiefly  by  fuel  falling 
unburnt  through  the  bars,  and  by  gases  escaping  at  a  high  temperature 
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to  the  chimney.  The  available  heat  left  for  the  generation  of  steam,  being 
only  about  60  per  cent,  of  the  heat  theoretically  developed  by  the  fuel,  in 
internally-fired  boilers ;  the  loss  being  10  per  cent,  greater  in  extemally- 
iired  boilers.  The  evaporative  efficiency  varies  considerably  in  different 
classes  of  boilers. 

Effect  of  BlAst-Pressiire  in  a  dusmey. — ^Experiments  have  been 
made  with  steam-boilers  to  ascertain  the  effect  of  a  steam-blast  in  the  chimney, 
which  resulted  in  showing  that  it  increased  the  consumption  of  coal  on  the 
fire  grate  from  40  to  50  per  cent,  over  natural  draught,  with  an  increase  of 
efficient  power  not  exceeding  15  per  cent.,  and  that  a  steam  jet  was  very 
wasteful.  Mr.  Longridge,  in  some  experiments,  also  found  the  blast-pipe 
in  a  chimney  to  be  wasteful,  and  that  only  about  one-eleventh  of  the  power 
escaping  is  utilised  in  drawing  air  through  the  tubes.  A  strong  air-blast 
has  also  been  tried  in  a  chimney  which  scarcely  gave  one-half  as  good  a 
result  as  was  obtained  from  forced  draught  with  an  air  pressure  of  two 
inches  of  water  in  the  stokehold. 

The  Evaporative  Performaiioe  of  Steam-Boileni  in  Fraotioe  is 
given  in  the  following  Table,  which  contains  the  average  results  of  a 
number  of  tests  of  well-arranged  steam-boilers  with  natural  draught. 

Table  36. — ^Evaporatfve   Performance  of  Steah-Boilers  in  lbs.  of 
Water  Evaporated  per  lb.  of  Coal  from  and  at  212**  Fahr. 


Lbs.  of 

1 

Lbs.  of 

Water 

Water 

Descnption  of  Steam-Boiler. 

evaporated 

Description  of  Steam-Boiler. 

evaporated 

per  lb.  of 

per  lb.  of 

Coal. 

Coal. 

lbs. 

lbs. 

Galloway  boiler     . 

II72 

The  Field  boiler       .    . 

lO'OO 

Water-tube  boiler      .     . 

IIOO 

Marine  boiler 

875 

Lancashire  boiler,  with 

1 

Cornish  boiler  .        .     . 

800 

Galloway  tubes . 

1075      i 

Torpedo  -  boat     boiler, 

Portable-engine  boiler  . 

10*50 

locomotive  type 

7-50 

Locomotive,  compound. 

Vertical  tubular  boilers . 

700 

with  coke  . 

1000 

Vertical    cross-tube 

Locomotive ,     ordinary, 

boilers          .        .     . 

6*25 

with  coke      .        .     . 

lO'OO 

Egg-ended    boiler,    ex- 

The nozzle  boiler . 

1000 

ternally  fired 

6'20 

An  evaporative  efficiency  of  about  90  per  cent,  has  been  obtained  as  the 
result  of  tests  of  boilers  of  the  locomotive  type. 

The    SiEeiaiicy  of  the    Boilers   in    the  above   Table    may  be 

ascertained  by  dividing  the  actual  evaporative  power  by  the  theoretical 
evaporative  power.  Taking  the  theoretical  evaporative  power  of  i  lb.  of 
average  good  coal  at  14  lbs.  of  water  per  lb.  of  coal,  the  evaporative  per- 
formance of  the  Galloway  boiler  shows  an  actual  efficiency  of  ii-Zl.  =  -83. 

The  efficiency  of  the  Lancashire  boiler,  1^75^=  76 ;   the  portable-engine 
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875-/;.. 


8 


boiler,  ^^  :=75  ;  the  marine  boiler.  —^=62  :  the  Cornish  boiler,  — = 
14  '14  14 

6*2C 

•57,  and  the  \rertical  boiler  with  cross  tubes,  — ?  ='44,  or  less  than  one- 

14 
half  the  theoretical  evaporative  power.    The  theoretical  evaporative  power 

of  coke  is  13  lbs.  of  water  per  lb.  of  coke,  and  the  efficiency  of  ordinary 

locomotives  is  —  =*76. 

13 
Evaporative    Efficiency   of    Ijocomotive-Sngine    Boilers. — The 

evaporative  performance  of  a  well  proportioned  locomotive  boiler  is  given 
in  Table  37,  which  contains  the  results  obtained  by  Mr.  Stroudley  in  a 
careful  trial  with  one  of  his  engines,  the  feed-water  being  heated  to 
188°  Fahr.,  from  which  it  will  be  seen  that  io|  lbs.  of  water  were  evaporated 
per  lb.  of  Welsh  coal. 

Table  37. — Evaporative  Performance  of  a  Locomotive-Engine 

Boiler. 


Trip  First y  London  Bridge  to  Brighton^  6'^  p,m. 

Average  Coaches. 

Fuel,  lbs.  per 
Mile. 

Lbs.  of  Water 

evaporated  per 

Foot  of  Grate 

Surface. 

Lbs.  of  Water 

evaporated  per 

Foot  of  Heating 

Surface. 

Lbs.  of  Water 
per  lb.  of  Coal. 

15-6 

232 

1230 

'^93 

io-o8 

Trip  Second,  London  Bridge  to  Brighton,  5  p,m. 

10-05 

19-96 

11-09 

•173 

10-50 

Fire-grate  Area. 
Square  Feet. 

Heating  Surface 

of  Tubes. 

Square  Feet. 

Heating  Surface 
of  Fire-box. 
Square  Feet. 

Tubes. 
Diameter,  x}  in. 

Total  Heating 
Surface. 

19 

IIOO 

no 

206 

I2IO 

Description  of  fuel  used  on  each  trip —  Welsh  coaL 

The  Evaporative  Perfbrmanoe  of  a  ILoeomotive-Sngine  Boiler 

under  different  arrangements  in  the  supply  of  feed-water,  are  given  in 
Table  38,  which  contains  the  results  of  an  experiment  by  Mr.  Drummond 
to  determine  the  relative  economic  efficiency  of  a  locomotive  boiler  when 
fed  with  feed-water  by  a  feed-pump  with  water-heater,  and  when  fed  by  an 
injector :  from  which  it  will  be  seen  that  there  is  very  little  difference  in  the 
weight  of  water  evaporated  per  lb.  of  coal,  whether  the  boiler  is  fed  by  a 
pump  or  by  an  injector. 


no 
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Table  38. — Results  of  Trials  on  the  North  British  Railway,  showing 
THE  Evaporative  Efficiency  of  a  Locomotive-Engine  Boiler 
WHEN  Fed  with  a  Pump  with  Feed- Water  Heater  and  when  Fed 
WITH  AN  Injector. 


Encinb. 


18  in.  by  36  in.  Cylinders. 

^  ft.  Wheel. 

150  Id.  Boiler  press. 

Adhesive  weight,  39I  tons. 


Train. 


6 

t 
Pi 


Description. 


Pumps,  exhaust  cocks  under 
foot-plate     .... 


Do.  do.       .        .    > 

Pumps,  exhaust  cocks  under 

cylinders      .        .        •        . 

Injector ,    3^3 

Injector 392 


a8i 
287 

305 


Midnight     and     mid -day 
through  goods .        . 

Light  express  goods       .    . 

Mid-day  through  goods 
Do.         .        .        •.      .    . 
Midnight    and     mid  -  day 
through  goods . 


.•3 


0.0 

T 


i 


Miles 

hour. 

x8'4 

21*07 

19*8 
205 


Average  per  trip, 
Glasgow  to  Carlisle. 


i 


o 


i6-4 

13  as 

17*5 
i6s 


19*6      x6*7 


.5 

•J 

c 

a 

ja 

V) 

o 

6 


h.  m. 

9  28 

1  17 

2  45 
a  30 

2     32 


.s 

I 

II 

6 

H 


h.  m. 

2  50 
2  42 
2  ao 


r§ 

< 


Tons. 


267 
About 
260 

244-6 


2  30  I  330*6 

3  39  I  333*5 


Consumption  of  Coal. 


6 

8 

c 

I 

V 

Pi 


981 
387 

30s 

393 
393 


c 

.p. 

H 


3 


lb. 

49'5 
57*6 
5639 
S3*3tf 


is 


lb. 

•185 
'33 
•330 
*83i 


e 


lb. 

•M9 
•177 

•183 

■180 


i 

I 


s 


i\ 

8*95 

773 
8-24 

8*31 


Water. 


8-S 

13 

H 


^ 


Gal. 

5910 
6080 

63J3 
6347 
6385 


c  i 

c 


Gal. 

6377 
6410 
6692 


^ 


8.1 


i 


lb. 

448-8 
445'x 
464-7 
438X 
443*4 


a 

I 

»«  o 

3 


lb. 

1*67 
1*72 
190 
x*90 
1-984 


I. 

A  e 

it 


lb. 

«'33 

1*37^ 
1-496 

«'477 
x*53a 


9 


dee. 
127 

X02i 
IO7I 


9 
.§ 


dcg 

Fah. 

200 

172 

188 


i 

... 

e 
•p. 


dcBT. 

Fah. 

60 

56* 

60 


dee. 
Fah. 

44 
44 
45 
45 
45 


Mileage. 


e 
o 

Is 

•is 


Miles. 

864 
576 
864 


» 


i 

a 

o 

e 

o. 

9 

I 

*3 


Miles. 


^1 


The  Consumption  of  Coal  was  measured  in  numbers  305  and  393.    In  numbers  381  zad  387,  the 

consumption  of  Coal  was  taken  from  Monthly  Sheets. 


The  Bate  of  fivaporatioii  depends  upon  the  quality  of  the  coal, 
and  also  on  the  force  of  the  draught,  as  the  temperature  of  the  furnace 
depends  upon  the  rate  of  the  supply  of  air.  More  steam  can  be  raised  in 
a  given  time  per  square  foot  of  fire-grate  from  burning  semi-bituminous, 
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or  Newcastle  steam-coals,  than  from  slightly  bituminous,  or  Welsh  steam 
coals,  as  will  be  seen  from  the  following  Table  : — 

The  rate  of  Evaporation  of  irarioiui  Coals,  in  cubic  feet  of  water 
from  212°  Fahr.,  evaporated  per  square  foot  of  fire-grate  per  hour,  with 
natural  draught,  is  as  follows : — 

Cnbic  feet  of  Water 
from  a  1 2'  Fahr. 

/Tersquarefoof^ 
Best  Lancashire  Steam-coal  will  evaporate    .        .  5*25  ^     of  fire-grate  > 

(     per  hour.      ) 


9. 


>i 


it 


f» 


}» 


»t 


i> 


»♦ 


ti 


Lancashire  Steam-coal,  good,  average,  will  evaporate  5  00 
Best  Newcastle  Steam-coal  will  evaporate  .  .5*10 
Newcastle  Steam-coal,  good,  average,  will  evaporate  4*60 
Best  Yorkshire  Steam-coal  will  evaporate  .  .4*50 
Welsh  Steam-coal  will  evaporate     .        .        .    .  4-20 

Tlie  Average  Maximum  EvaporatiTe  Effeet  of  Keating  Svrfkoe 

is  21  lbs.  of  water  per  hour,  or  one  cubic  foot  of  water  evaporated  by  three 
square  feet  of  heating  surface. 

The  EraporatiTe  Power  of  a  Square  Foot  of  Eeatmg  Svrfkoe 
varies  considerably  in  different  classes  of  boilers,  as  well  as  in  the  same 
class  of  boiler  owing  to  its  arrangement,  condition  and  position. 

Tlie  EvaporatiTe  Performaiiee  of  Bteam-Boilem  per  Square  Foot 
of  total  Heating  Snrfiice  per  Honr  is  given  in  the  following  Table, 
which  contains  the  average  results  of  a  number  of  tests  of  well-arranged 
steam-boilers. 

Table  39. — ^Evaporative  Performance  op  Steau-Boilers,  all  with 
Natural  Draught  except  where  otherwise  stated,  in  lbs.  of 
Water  Evaporated  per  square  foot  of  total  Heating  Surface 
PER  Hour. 


Lbft.or 

Lbs.  of 

Water 

Water 

evaporated 

evaporated 

Deacription  of  Steam  Boiler, 

per  Square 
Foot  of 

Detoripdon  of  Steam  Boiler. 

'  per  Square 
Foot  of 

Heating 

Heating 

Surface  per 

Surface  per 

Hour. 

Hour. 

nn. 

Iba. 

Egg-ended  boilers,  ezter- 

Marine  boilers   •        •    . 

3  to    6 

mtlly  fired      •        .    . 

3     to  2i 

Water-tube  boilers,  marine 

5  10    8 

Vertical     boilers,     with 

Marine  boilers, with  forced 

cross-tubes . 

2it0  3 

draught 

13  to  15 

Vertical  tubular  boilers  . 

2jt04 

Locomotive  boilers  burn- 

The field-boiler  .        .    . 

3    to  4 

ing  coal .        .        .    . 

8  to   9 

The  nozzle-boiler   . 

3i  to  4* 

Locomotive  boilers  burn- 

Water-tube boilers,  land . 

3    to  5 

ing  coal,  average 

8 

Cornish  boilers 

2it0  5 

Locomotive  boilers  burn- 

Lancashire boilers      .    . 

2it0  5 

ing  coke         .        .    . 

9  to  13 

Portable  engine  boilers  . 

2jt0  5 

Torpedo  -  boat     boilers, 

The  Galloway  boiler 

3    to  6 

locomotive  type,  F.  D, 

10  to  20 
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The  Influenoe  of  Air-pressure  on  Eraporation,  Combustion,  and 
Temporatnre*  is  shown  in  Table  40,  which  contains  the  results  of  ex- 
periments with  Thorneycroft's  torpedo-boat  boilers  of  the  locomotive  type, 
naving  air  pressure  in  the  stokehold.  The  boiler  had  a  barrel  53  inches 
diameter,  with  205  tubes  of  ij  inch  diameter,  and  6  feet  long.  Heating 
surface  of  fire-box  56  square  feet.  Total  heating  surface  618  square  feet. 
Fire-grate  surface  i8'9  square  feet.  The  pressure  in  the  chimney  was 
about  equal  to  that  of  the  atmosphere. 

Table  40. — Evaporative  Performance  of  Torpedo-Boat  Boilers. 


Air  pressure  in  stokehold  in  inches 

of  water 

Air  pressure  in  ash-pit  in  inches  of 

waier  ••>••• 
Air  pressure  in  furnace  in  inches 

of  water 

Temperature  of  feed -water,  Fahr.  . 
Temperature  in  the  funnel,  Fahr.  . 
Steam  pressure  above  the  atmosphere, 

in  lbs.  per  square  inch 
Coal  consumed  per  hour,  in  lbs. 
Coal  consumed  per  square  foot  of 

fire-grate,  in  lbs 

Square  feet  of  heating  surface  per 

pound  of  coal  .  .  .  . 
Water  evaporated  per  hour,  total  lbs. 
Water  evaporated  per  pound  of  coal, 

IDS*       •••••• 

Evaporation  per  pound  of  coal  re- 
duced to  equivalent  at  212°  Fahr. 
from  icx)° 

Evaporation  per  hour  per  square  foot 
of  heating  surface 

Duration  of  experiment  in  hours  and 

minutes 

Coal   used,  Nixon's   Navigation. — 
Ashes,  9  per  cent. 


2 


i'47 


1*35 

53-5° 

i>037° 


117 

925 

49 

•668 
6530 

7-06 


7-61 

10-8 

n.     in. 
2      O 


3 

229 

1-87 

57-° 
1,192' 

117 
1177 

62 

•525 
7770 

66 


7-08 

I2'9 

h.     m. 
2       7 


4 
3-26 


3*o 

54" 
1,260*^ 


"5 

1472 

78 

•420 
9320 

633 


6-8i 


15-5 

h.    in. 

I  39 


6 

5*25 

433 
56-^ 

1,444° 

"5 
1815 

96 

•340 
10,840 

5'97 


6'4I 

i8- 

h.    m. 
I    l-J 


It  will  be  seen  from  the  above  Table  that  an  increase  of  air  pressure  from 
2  to  6  inches  increased  the  consumption  of  coal  per  square  foot  of  fire- 
grate from  49  lbs.  to  96  lbs.,  and  the  evaporation  per  hour  per  square  foot 
of  heating  surface  from  io'8  lbs.  to  18  lbs. 

Closed  Stokeholds  worked  under  air-pressure  are  better  ventilated  than 
open  stokeholds,  with  natural  draught :  the  power  of  the  draught  is  in- 
dependent of  the  force  and  direction  of  the  wind.  The  speed  of  the  fans  for 
supplying  the  air  to  the  furnaces  can  be  regulated  as  may  be  required  for 
the  power  to  be  developed. 


EVAPORATIVE  TESTS  OF  TORPEDO-BOAT  BOILERS. 
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Table  41.* — Results  of  Evaporative  Tests  of  two  Boilers  of 
Modified  Locomotive  Type  for  Torpedo-boat  Chasers. 


iNo.  of 
Trial. 


I 

2 

3 
4 


Duration 
of  Trial. 


h.  in. 

I  32 

I  23 

I  5 

I  41 


SURPACBS. 


Heat- 
ing. 


2232 
2232 
2232 
2232 


Grate. 


52-5 
525 
525 
525 


Mean 
Steam 
Pres- 
sure. 


Water. 


Total 


125-5 
125 
120 
Il6'2 


lbs. 
44,969 

44*004 

36,264 

54,900 


Per 
Hour. 


lbs. 
29,336 

31,809 

33^474 
32,613 


Water  Evaporated. 


From  and  at  axa  dbg.  per  Hour. 


Per 

Hour. 


35,937 
38,998 
40,905 
39,821 


Per  lb. 
of  Coal. 


6*969 
6-889 
6-566 
8566 


Per 

sq.  ft. 
Grate. 


685 
742-8 

7791 
758-5 


Per 

sq.  ft. 

Heating 

Surface 


161 

17-47 
1832 

17-84 


Air  Pressure. 


No.  of 
Trial. 


In 
Stoke- 
hold. 


2 

3 
4 


3-54 
3-605 

307 
2*0 


In 
Ash- 
pit. 


3-13 

3*446 

3-36 

3706 


In 
Uptake. 


0-65 

025 

0-633 

0*812 


Revolutions 
OP  Fans. 


Port. 


1283 

877 
925 

769*2 


Star- 
board. 


II50 

909 
II71 

I2I2 


Temperature. 


Stoke- 
hold. 


75 

66 

77*5 
87-6 


Up. 
take. 


II50 

II63 
I2IO 
1200 


Atmo- 
sphere. 


44 

37 

40 
50 


Feed. 


37 
36 

39 
40 


Weather. 


Description. 


(Light  westerly 
wind  ;    dry, 
but  cold. 
I  Fresh  easterly 
wind ;  snow 
falling. 
(  Light  easterly 
(     wind ;  dry. 
I  Light  westerly 
I     breeze;  fine 
(     and  dry. 


Coals. 


Class  op  Coals. 


No.  of 
Trial 


Total. 


2 

3 

4 


lbs. 
7907 

7840 
6720 
7826 


Per 
Hour. 


5165 

5667 
6203 
4648-8 


Per 
sq.  ft. 
Grate. 


98-3 

107*9 
1181 

88*5 


Sq.  ft.  of 
Heating 
Surface 

per  lb. 

Coal. 


0432 


{Cowpen  Coal  Co.'s  ordinary  best  steam  coals, 
not  hand-picked ;  rather  damp  and  small. 
Cowpen  Coal  Co.'s  ordinary  b^t,  as  above. 
Cowpen  Coal  Co.'s  ordinary  best,  as  above. 
Nixon  Navigation  ;  new,  dry,  and  good. 


No.  of 
Trial. 


Description  of  Fire-Bars. 


I 

2 

3 

4 


(Ordinary  fire-bars.     No  opening  through  fire  doors.     Both  fans  discharging 
into  stokehold. 
{Thin  fire-bars.     \  inch  air  spaces.     No  opening  through  fire  doors.     Fires 
thinner.     Both  fans  discharging  into  stokehold. 
fTh'n  fire-bars.     )  inch  air  spaces.    One  fan  on  to  ash-pit ;  other  to  stokehold. 
\    Air  was  getting  into  fire  doors.     One  boiler  steaming. 
rXhin  fire-bars.    |  inch  air  spaces.    One  fan  on  to  ash-pit ;  other  to  stokehold. 
\     No  air  got  through  fire  doors.     One  boiler  steaming. 


*  The  above  Table  was  given  by  Mr.  F.  C.  Marshall  at  a  Meeting  of  the  Institution  of 
Naval  Architects.  1 
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The  quanti^  of  Water  apparently  ETaporated  to  Steam  in 
Boiler-Tests  is  frequently  considerably  greater  than  that  actually  evapo- 
rated, in  consequence  of  loss  of  water  from  foaming  and  priming,  resulting 
in  a  supply  of  wet  steam.  When  steam  contains  more  than  i  per  cent,  of 
moisture  it  is  not  termed  dry  steam. 

Foaming,  or  a  frothy  condition  of  the  surface  of  the  water  in  a  boiler, 
is  due  to  the  agitation  caused  by  the  steam  in  rising  through  scum  on  the 
surface  of  the  water,  from  dirt,  foreign  matter,  or  impurities  held  in  solution 
by  the  water.  Foaming  produces  less  moisture  in  steam  than  priming. 
An  allowance  of  five  per  cent,  is  sufficient  in  most  cases  for  foaming. 

Priming,  or  the  carrying  of  wat^r  with  the  steam,  may  be  caused  by 
defects  in  the  design  of  a  boiler ;  violent  ebullition ;  a  sudden  withdrawal 
of  steam ;  insufficient  steam  space ;  and  to  the  reduction  of  pressure 
immediately  underneath  the  point  in  a  boiler  whence  steam  is  drawn,  which 
creates  a  difference  of  pressure  in  different  parts  of  the  boiler,  and  produces 
currents  of  spray.    An  allowance  of  lo  per  cent,  may  be  made  for  priming. 

The  weight  of  Water  in  lbs.  Sraporated  per  Square  Foot  of 
Fire-Orate  Snr^ce  per  Hour  may  be  found  by  multiplying  the  rate  of 
combustion  in  lbs.  of  coal  burnt  per  square  foot  of  fire-grate  area  per  hour  by 
the  number  of  pounds  of  water  evaporated  to  steam  per  pound  of  fuel. 
For  Example :  A  marine  boiler  burning  30  lbs.  of  coal  per  square  foot  of 
fire-grate  surface  per  hour  and  evaporating  8J  lbs.  of  water  per  lb.  of 
coal  will  evaporate  30  x  875  =  262^  lbs.  of  water  to  steam  per  square 
foot  of  fire-grate  per  hour. 

The  Area  of  Fire-Grate  Surface  in  square  feet,  may  be  found  by 
dividing  the  weight  of  water  in  lbs.  required  to  be  evaporated  per  hour  by 
the  weight  of  water  in  lbs.  evaporated  per  square  foot  of  fire-grate  per  hour. 

The  Area  of  Fire-Orate  in  Square  Feet  per  lb.  of  Coal  Bnmt  per 

square  foot  of  fire-grate  per  hour,  for  boilers  of  different  classes,  all  with 
natural  draught,  except  the  torpedo-boat  boilers,  and  locomotive  boilers, 
averages  as  follows : — 

Portable-engine  boilers        .    '090  square  foot  per  lb.  of  coal  burnt. 
Cornish  boilers       .        .     .     '083  „  „  „ 

Lancashire  boilers      .        .     '066  „  „  „ 

Marine  boilers       .        .     .     '044  „  „  „ 

Torpedo-boat  boilers  .        .     '014  „  „  „ 

Locomotive-engine  boilers .     "012  „  „  „ 

The  Total  Heating  Snrfkce  in  proportion  to  the  fire-grate  surface  of 
steam-boilers,  or  the  surface  ratio,  is  usually  as  follows : — 

Egg-ended  boilers;  heating  surface  from      .        .  loto  i6toi  j  ^  ^    \ 

Vertical  boilers ;  heating  surface  from  .  .  .  15  to  25  „ 
Cornish  and  Lancashire  boilers ;  heating  surface  from  1 6  to  2  5  „ 
Multitubular  boilers ;  heating  surface  from  .  .  20  to  60  „ 
Marine  boilers ;  heating  surface  from  .  .  .  27  to  35  „ 
Portable-engine  boilers ;  heating  surface  from  .  40  to  90  „ 
Locomotive-engine  boilers ;  heating  surface  from  .  60  to  90  „ 

The  Power  I>eTeloped  by  a  given  Area  of  Fire-Orate  Snr&ce 
and  Heating  Snr&ce  of  Xaxine  Boilers  with  XTatnral  Dranght, 

is  shown  in  the  following  Table. 


PROPORTIONS  OF  ENGINES  AND  BOILERS. 
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TMe  42*  con/inued. — Results  of  Trials  of  Twenty-eight  Steamers,  Ac. 


ruton 

ffnJlMM*^^ 

Heating  suiface. 

Indicated  j  Coal  burnt 

Coal  burnt 

no.  or      Kevois.          spcea. 

inaicued 

norse*power,  per  sq.  loot 

uer  1  II  I* 

1lfffnArlf« 

iteaiuer  per  minute. 

1 

Feet  per 
minute. 

horte^power 

Per  I.H.P. 

Per  lb.  of 
coal  per  hr 

per  sq.  ft. 
of  grate. 

or  grata 
per  hour. 

per  hour. 

SVVUHH  ^9m 

No. 

RevoU. 

feet 

I.H.P. 

sq.  feet. 

iq.  feet 

I.H.P. 

lbs. 

lbs. 

I 

522 

627 

4,295 

4-II 

2-46 

6-86 

11*45 

1*67 

H 

2  .   51*3 

616 

4,402 

4*04 

2*55 

7-03 

11*14 

1*584 

H 

3  '   57*3 

630 

3.587 

4'2I 

2*22 

6-65 

1 2 -60 

1*896 

H 

4  ,    57*4 

631 

3,822 

395 

2*14 

7-08 

13*02 

1*841 

H 

5 

61 

427 

1,120 

3*54 

2 -02 

8-43 

14-75 

1*75 

6 

613 

521 

1,700 

3-62 

2-40 

8-82 

13*25 

1*505 

7 

64 

384 

900 

372 

231 

909 

14-67 

1*612 

H 

8  '   70 

455 

1,065 

312 

2-38 

I0'42 

13-70 

1*312 

9      56 

504 

2,250 

3-055 

2*04 

938 

14*00 

1*494 

H 

10 

6r5 

553 

2,600 

3'075 

2-04 

lO'OO 

15*10 

1*505 

H 

II 

58 

464 

1,300 

3'57 

2*26 

916 

14*46 

1*580 

12 

67 

469 

1,100 

3*50 

229 

9 '02 

13*79 

1-529 

13 

58-5 

526 

3*670 

5'50 

3-64 

5-17 

7*8o 

1*510 

H 

14 

63 

504 

1,680 

3-67 

212 

7-65 

13*18 

1*723 

H 

15 

53-8 

53^ 

2,360 

2-94 

178 

12-03 

19*85 

1*650 

16 

64 

576 

2,550 

273 

1-82 

ir8o 

17*70 

1*500 

17 

62 

496 

1,500 

3-14 

2-00 

10*40 

16*31 

1*568 

18 

62 

527 

1^727 

4-63 

2-85 

1053 

17*06 

1*620 

»9 

76 

456 

1,269 

2-58 

1-84 

10*07 

14*10 

1-400 

P 

20      75 

525 

1,530 

2-875 

r96 

9*11 

13*32 

1-464 

P 

21      73 

438 

1,250 

3-20 

240 

8-35 

11*13 

^"^E 

P 

22      72 

612 

2,513 

2  "02 

1-34 

22*85 

33*95 

1*488 

DH 

23 

76 

494 

1,350 

173 

128 

27*00 

36-42 

1*350 

DHP 

24 

65 

520 

1,800 

2*41 

I  94 

21*42 

2662 

1*242 

DHP 

25 

695 

552 

1,360 

2*56 

1*91 

21*59 

28*90 

1-338 

DHP 

26 

59 

590 

2,600 

2-435 

178 

i6*88 

23*05 

1*365 

DHP 

27 

66 

660 

3,400 

2-52 

2*04 

i6*i8 

19-97 

1*234 

DHP 

28      73 

5" 

2,058 

3-215 

2-05 

17*10 

10*92 

1*565 

Average  of  j 

ill  twen 

ty-eight 

3*274 

214 

11*22 

1708 

1*522 

,,       of  natural  ( 

draught 

3560 

2*25 

8*91 

13*92 

1*573 

„       of  forced  (] 

raught 

2*412 

172 

20*98 

28-15 

1*336 

D  =  forced  draug 

bt.      H  =  feed-heater.      P  =  Pass-over  slide  valve. 

NameofVeneL 

I.  H.  p. 

Surfaces.                \ 

Ratios. 

I.  H.  P.  PER  SQ.  FOOT.  | 

1                  1 

Tutw>s  tn 

Heat-      Con> 

Grate. 

Heating.    Cande«lng.| 

CtoH. 

Crate.     1 

Grate. 

ing.     densing 

Parisian     . 

6020 

544 

I3176 

9624 

1:27*9 

11-06 

•396 

•625 

Gallia 

5300 

538 

13000 

8300 

1:24*9    1:4*7 

9-85 

•468 

•638 

Devastation 

6637 

742 

17806 

6710 

1:24* 

1:5*3 

8-94 

■378 

-989 

Mexican    . 

3400 

330 

lOOOO 

5500 

1:30*3 

1:4-85 

10-3 

.  •  • 

■  a  . 

Inchonal   . 

1559 

107 

3800 

1900 

1:35- 

1:4-6 

12*4 

•349 

•698 

Aberdeen  . 

2631 

252 

7128 

5270 

1:33- 

1:4-29 

12-53 

•370 

•500 

Servia  .     . 

10350 

IOI4 

27483 

15000 

1:27-1 

1:5*5 

9*86 

•383 

•690 

Arizona     . 

6357 

780 

19500 

12540 

1:25- 

•  •  • 

8*08 

•324 

*5oS 

Monarch  . 

2283 

247 

7803 

5050 

1:31- 

•  •  • 

9*22 

•293 

•456 

*  The  author  is  indebted  for  the  particulars  of  the  first  28  steamers  in  this  Table  to  a 
Paper  read  before  the  Institution  of  Mechanical  Engineers  by  Mr.  Alfred  Blechynden. 
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BelatiTe  Value  of  the  Eeatixig  Snxfkce  of  the  Tubes  and  Fire-Boa: 

of  the  boiler  of  a  locomotive  engine.  It  was  found,  as  the  result  of  a 
number  of  experiments  with  locomotives,  that,  under  ordinary  work,  the 
fire-box  of  a  locomotive  boiler  evaporated  one-fifth  and  the  tubes  four-fifths 
of  the  water. 

The  Proportion  of  the  Heating  Snrfkce  of  the  Tubes  to  that  of 
the  Fire-Boz  of  a  locomotive  engine  boiler  is  generally  from  10  to  12  to  i. 
The  heating  surface  of  the  fire-box  of  an  ordinary-sized  loco'saotive  boiler 
is  frequently  about  no  square  feet  and  the  heating  surface  of  the  tubes 
about  1 100  square  feet. 

The  Total  Heating  Sur&ce  of  a  Locomotive  Engine  Boiler,  to 
obtain  an  ample  supply  of  steam,  should = (diameter  of  one  cylinder)"  x  4. 
This  Rule  gives  the  following  results : — 


Diameter  of  locomotive  cylinder  16  in.=  i6x  16x4: 

17x17x4: 
18x18x4: 

19x19x4: 


ft 


ft 


19 


17  m.: 

18  in.; 

19  in.: 


:  1024  square  feet. 
:ii56  square  feet 
:i296  square  feet. 
1444  square  feet. 


Table  43. — Standard  Proportions  of  Heating  Surface  of  Firk-Box 
AND  Tubes  of  Boilers  of  Locomotivs  Engines  on  Varioi/s 
English  Railways. 


Railway. 

Diameter 

Fire- 

Heating  Surface. 

01 
Cylinder. 

vfiftie 
Area. 

Fire-Box. 

Tubes. 

Total. 

Inches. 

sq.  ft. 

sq.  ft. 

sq.  ft. 

sq.  ft. 

Great  Northern  Railway         .     . 

18 

17-6 

122 

1043 

I165 

Brighton  Railway 

17 

17-8 

102 

1080 

I182 

Brighton  Railway   .         .         .     . 

i8i 

20*65 

112 

1373 

1485 

Brighton  Railway,  tank  engine    . 

17 

16 

90 

858 

948 

Midland  Railway    .         .         .     . 

18 

17-5 

IIO 

1096 

1206 

Great  Western  Railway,  B.  G.     . 

18 

21 

153 

1800 

1953 

Great  Western  Railway,  N.  G.     . 

17 

16-25 

97 

I216 

I3I3 

Great  Western  Railway,  N.  G.     . 

18 

17 

133 

II45 

1278 

London  and  North- Western  Rail- 

way          

16 

15 

85 

IOI3 

1098 

London  and  North- Western  Rail- 

way    

17 

15 

89 

IOI3 

1 102 

London,    Chatham,    and    Dover 

Railway 

I7f 

163 

107 

962 

1069 

South- Western  Railway  .         .     . 

i8| 

17-5 

104 

III2 

I216 

Great  Eastern  Railway 

18 

i7'3 

117 

1083 

1200 

Great  Central  Railway         .    . 

18 

1 

1 8-8 

97 

II79 

127b 

The  power  developed  >y  the  Eeatixig  surface  of  LoeomotlTe- 
Engine  Boilers  may  be  estimated  approximately  by  this  Rule. — ^Total 
Heating-surface  in  square  feet  x  '5  =  the  average  indicated  horse-power 
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in  ordinary  service;  and  total  heating-surface  in  square  feetX7=the 
maximum  indicated  horse  power.  For  instance,  a  locomotive-engine  with 
a  total  heating  surface  of  1429  square  feet,  averages  in  ordinary  service= 
1429  X  "5=714  indicated  horse-power,  and  its  maximum  power  is=i4?9  ^ 
•7=1000  indicated  horse-power. 

The  Bate  of  Transmission  of  Beat  tJirongli  Plates  depends  upon 
the  condition  and  thickness  of  the  plate.  The  rate  of  conduction  in 
thermal  units  through  boiler-plates  and  tubes  per  square  foot  of  surface  per 
hour  may  be  calculated  by  Rankine's  formula,  as  follows : — 

Let  T  =  the  temperature  of  the  gaseous  products  of  combustion  in  the 
furnace 
/  =  the  temperature  of  the  water 
A  =  a  constant  varying  between  160  and  200 
U  =  thermal  units  transmitted  per  square  foot  of  heating  surface 
per  hour 

Then  U  =  (LzzJL- 

A 

Example:  The  temperature  of  the  gases  in  a  boiler  furnace  is  2580° 
Fahr.,  and  the  temperature  of  the  water  in  the  boiler  is  280  Fahr.,  required 
the  number  of  thermal  units  transmitted  per  square  foot  of  the  heating 
surface  per  hour. 

Then  (2580-280)^^23008  _  ^^^       thermal    units    per   hour.      After 
200  200 

leaving  the  furnace  the  gases  decrease  in  temperature  on  their  way  to  the 
chimney,  where  their  temperature  would  be  about  600°,  so  that  the  tempera- 
ture of  the  gases  at  the  point  where  they  quit  the  boiler  would  be,  say,  650, 

and  the  rate  of  transmission  at  that  point  would  only  be-^?"""-5L  = 

200 

37.2  =684*5  thermal  units  per  hour. 

200 

Orate  Surface  and  Heating  SnrfiEbce. — ^The  relation  of  grate-area 
heating  surface,  and  consumption  of  fuel  and  water  in  steam-boilers  has 
been  fully  investigated  by  Mr.  D.  K.  Clark,  with  the  following  results:— 

I  St. — For  a  given  extent  of  heating  surface,  the  economical  hourly  con- 
sumption of  fuel  or  water  decreases  directly  as  the  grate-area  is  increased, 
and  consequently  in  order  to  maintain  the  same  efficiency  or  economical 
effect,  the  total  hourly  consumption  should  be  reduced  at  the  same  rate  as 
the  grate-area  is  increased. 

2nd. — For  a  given  area  of  fire-grate  the  total  hourly  consumption  should 
vary  as  the  square  of  the  heating  surface.  That  is,  if  we  double  the  area  of 
heating  surfaces,  we  can  burn  four  times  the  quantity  of  fuel  with  the  same 
grate-area,  and  maintain  the  same  evaporative  efficiency  or  economy. 

3rd. — For  a  given  hourly  consumption,  the  area  of  the  fire-grate  should 
vary  as  the  square  of  the  heating-surface,  in  maintaining  the  same  efficiency. 
That  is,  if  the  heating-surface  be  doubled,  the  fire-grate  area  may  be  in- 
creased four  times,  and  the  same  economical  consumption  maintained. 

The  first  conclusion  applies  to  all  boilers,  but  the  two  last  conclusions 
apply  more  especially  to  boilers  of  the  locomotive  type. 


EFFICIENCY  OF  HEATING-SURFACES.  II9 

The  Efficiency  of  the  Heatixig-Snrfkce  of  a  Boiler  may  be  deter- 
romed  by  Mr.  D.  K.  Clark's  formula : — 

Where 

W  =  lbs.  of  water  evaporated  per  square  foot  of  fire-grate  per  hour 

c  =  lbs  of  fuel  consumed  per  square  foot  of  fire-grate  per  hour 

r  =  ratio  of  heating  surface  to  fire-grate-area  =  -^  '"g-su  ace 

Grate-surface 
a  =  a  constant,  specific  for  each  kind  of  boiler  =  "016  for  marine 

boilers,  and  '0222  for  stationary  boilers. 
B  =  a  constant,  specific  for  each  kind  of  boiler  =  io"25  for  marine 

boilers,  and  9.56  for  stationary  boilers. 
Thus  the  lbs.  of  water  evaporated  from  and  at  212°  Fahr.  per  lb.  of  fuel 
_W_ 

...  «;=?^+B 
c 

and  the  efficiency =^5^iiI22 

Example :  Required  the  efficiency  of  the  heating-surface  of  a  marine 
boiler  which  consumes  1 6  lbs.  of  coal  per  square  foot  of  fire-grate  surface 
per  hour ;  the  heating  surface  is  35  times  that  of  the  fire-grate  surface,  or  a 
ratio  of  35  to  i. 

Then  the  lbs.  of  water  evaporated  from  and  at  212°  Fahr.  per  lb.  of  fuel, 

w=  ^^7^-^^-?— ^-|-  =  i'225  4-  10-25=  ir475  lbs.,  and  the  efficiency 
16  lbs.  of  coal  J  J  i  J  J 

of  the  heating  surface  is  =    .  ^J^   . r  =  7172  per  cent. 

**  16  lbs.  of  coal 

The  Efficiency  of  the  Heating-Siir&cee  of  Boilers  is  frequently 
calculated  by  the  following  formula  by  Rankine,  which  is  based  on  the  two 
fundamental  principles  that : — 

I  St. — ^The  smaller  the  quantity  of  air  used  per  pound  of  fuel  the  higher 

the  temperature  of  the  fire ;  and  that — 
2nd. — ^The  greater  the  difference  between  the  temperature  of  the  fire  and 
that  of  the  water  the  greater  the  efficiency  of  the  heating  surface. 

I'=  stIf  ^'^  '^^^'""'^  =  stIf 

Where  E'  =  the  available  evaporative  power,  and  E  =  the  evaporating 
power  of  I  lb.  of  a  given  kind  of  fuel  in  an  ordinary  boiler,  in  which  S  = 
the  total  area  of  heating  surface,  including  feed-water  heater  if  any ;  F  = 
the  number  of  pounds  of  fuel  burnt  per  square  foot  of  fire-grate  per  hour. 
A  and  B  are  constants  found  by  experience ;  A  is  probably  approximately 
proportionate  to  the  square  of  the  quantity  of  air  supplied  per  lb.  of  fuel ;  B 
is  a  fractional  multiplier  to  allow  for  miscellaneous  losses  of  heat. 

For  boilers  with  chimney  draught,  B  =  ■—     A=*5. 

1 2 


For  boilers  with  forced  draught,  B=  -^     A=*3. 
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Example :  The  consumption  of  coal  in  a  boiler  with  natural  draught  is 
12  lbs.  per  square  foot  of  fire-grate  surface.  The  heating-surface  is 
30  times  that  of  the  fire-grate  surface,  or  a  ratio  of  30  to  i.  Required  the 
efficiency  of  the  heating-surface  of  the  boiler. 


Then  — 39Jl_ia: — .  =  -764,  or  76-4  per  cent. 
30 +  (12  X  -5)       '  ^'       '    ^*^ 


In  some  cases  B  is  taken  at  20  per  cent,  for  boilers  with  natural  draught, 
then — 

For  boilers  with  chimney  draught,  B  =  -. 

Example:  In  a  Lancashire  boiler,  the  coal  consumption  is  14  lbs.  per 
square  foot  of  fire-grate  surface  per  hour,  the  heating  surface  is  25  times 
that  of  the  fire-grate  surface,  or  25  to  i.  Required  the  efficiency  of  its 
heating  surface. 

Then  — ^ 2 — =  — =625,  the  efficiency  of  the  heating  surface  of  the 

25  +  MX-5     32  ■"  ^  ° 

boiler. 

In  Lancashire  and  Cornish  boilers  a  great  portion  of  the  heating  surface 
is  frequently  rendered  useless,  in  consequence  of  the  flues  not  being  kept 
clean. 

Forced  Dranglit  effects  great  economy  in  the  production  of  steam. 
The  sharper  the  draught  the  less  is  the  quantity  of  air  required  for  dilution, 
the  higher  the  temperature  of  the  products  of  combustion,  and  the  less  are 
their  volume  and  velocity.  The  economy  is  due  to  the  high  temperature  of 
the  furnace  which  ensures  such  rapid  and  efficient  diffusion  and  combina- 
tion of  the  gases,  that  they  cannot  escape  from  the  furnace  unbumt,  and  the 
formation  of  carbonic  oxide  and  discharge  of  smoke  is  prevented.  It  also 
permits  the  products  of  combustion  to  be  effectually  deprived  of  their  heat 
and  discharged  into  the  chimney  at  the  lowest  temperature.  Such  a  con- 
dition cannot  be  effected  with  natural  draught,  as  a  high  temperature  in  the 
chimney  is  necessary  to  create  a  draught.  By  forcing  the  draught,  the 
maximum  rate  of  combustion  is  obtained  with  the  minimum  quantity  of 
fuel  and  air,  from  the  minimum  grate  and  heating  surface. 

The  following  are  a  few  of  the  advantages  of  combustion  with  forced 
draught.  It  enables  an  inferior  and  cheaper  class  of  coal  to  be  used,  with 
the  same  or  better  results  than  are  obtained  from  best  coal  with  natural 
draught.  It  increases  the  temperature  of  the  furnace,  the  rate  of  combus- 
tion, and  the  efficiency  of  the  heating  surface.  It  enables  the  area  of  the 
fire-grate  surface  and  tube-surface  to  be  reduced,  and  a  much  smaller 
boiler  can  be  used,  to  develop  the  same  power,  than  is  required  with  a 
natural  draught.  The  air  required  for  combustion  can  be  efficiently 
warmed  by  the  waste  products  of  combustion,  which  is  conducive  to 
economy  in  th^  generation  of  steam,  as  about  13  per  cent,  of  coal  is  wasted 
by  supplying  cold  air  to  the  furnace. 

The  indicated  horse-power  obtainable  with  forced  draught,  per  square  foot 
of  fire-grate  and  per  ton  of  boiler,  is  double  that  which  can  be  obtained  from 
the  same  boiler  with  natural  draught. 
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Table  44.* — Natural  Draught  Experiments  on  a  Horizontal  Return- 
Tube  Boiler  at  Philadelphia. 


%m 

E 

3 

1 

eating  Surface  in  Square 
Feet. 

1 

8 

[eating  Surface.     Grate 
Area. 

otal  Combustible  =  Fuel, 
less  Refuse,  in  Pounds. 

efiue  per  Cent,  of  Fuel. 

1 

ounds  of  Combustible  per 
Foot  of  Grate. 

Square  Feet  of  Heatins 
Surface.       Pounds    of 
Combustible. 

ounds     of    Water    per 
Pound  of  Combustible 
from  and  at  212  deg. 

Funnel 
Temperature. 

ounds  of  Air  per  Pound 
of  Combustible. 

fficiency,  taking  Calorific 
Value    of    Combustible 
at  16. 

nr  Cent,  of  Error. 
Rankine. 

rr  Cent,  of  Error, 
D.  K.  Clarke. 

59 

1 

638 

0 

S 

H 

X 

a« 

fr. 

16 

M 

O. 

0. 

36 

177 

4»7 

2Z 

II '57 

»53 

1277 

Lead  melts 

•798 

-«3-5 

-16*3 

47 

1    , 
950  36 

264 

536 

21-5 

1488 

1-77 

1275 

i>         tt           .    . 

16 

:g' 

-10*4 

-»3*7 

63 

326I  36 

9» 

b8 

21-3 

2"43 

37 

13-6 

383 

18 

-  51 

—  20*6 

61 

489  36 

i3'4 

310 

21*4 

8-62 

»'55 

12*28 

Lead  melts 

«9 

•767 

-  9*6 

-13-8 

48 

9S<J 

36 

26-4 

549 

203 

15-24 

1-73 

12*17 

!♦                     »l                         •         • 

20 

760 

-  6*6 

-  9*8 

16 

950 

36 

264 

256 

19 '6 

7-12 

^'l 

12  71 

5'o 

20i 

•795 

+  1-5 

—  7» 

64 

950 

36 

264 

507 

19*5 

1409 

1-87 

11*72 

Lead  and  zinc  melt 

21 

•733 

-  1-3 

-  58 

>9 

950 

36 

26-4 

601 

i8-6 

1669 

i*5tf 

9*96 

,,     melts 

2li 
22} 

•748 

-  l-t 

4-  9'5 

60 

560 

36 

»5-5 

403 

187 

11-28 

1-40 

iz'8i 

If          i»            •    • 

738 

— 103 

7 

950 

36 

26-4 

282 

23*7 

7-84 

31^ 

13-45 

512 

22} 

•778 

+    2*4 

-  6-2 

66 

950 

36 

26-4 

5x9 

z8 

14-42 

I -§3 

"•75 

Lead  melts 

23 

734 

—  20 

—  6*21 

% 

950 

36 

^■4 

628 

22*2 

«7'44 

I  5  J 

11 -2d 

Zinc      yf             .    . 

23} 

23i 

704 

—  2*2 

zV 

716 

36 

19-9 

482 

18-9 

13-4 

1*48 

11  67 

Lead     „ 

•729 

-  60 

«4 

m 

21-6 

44 

400 

22-5 

18-51 

2-375    11  62 

»»          i»            •    • 

23i 

726 

+  4-1 

+  2-6 

57 

36 

22*3 

505 

20'2 

14*03 

I  59    t  "'58 

»»                  M               •               • 

24 

724 

-  3-8 

-  6*6 

65 

950 

36 

26-4 

546 

Z8-9 

15-18 

174 

"*55 

f»                  »»                      •        • 

'^. 

-722 

-   »-5 

-  4*93 

10 

950 

^ 

39-5 

424     22 

1768 

2*24 

11-52 

»»                  »»               •               • 

24 

24* 

720 

+  4 

4-    1*2 

23 

950 

28*8 

33 

438     20-9 

15-2 

2-i6 

11*52 

»»                  »»                       •        • 

72 

+  3-3 

—  1*1 

950 

30 

3«'7 

260     i8'9 

865 

3-65 

12-2 

510 

25 

■762 

+  5-9 

-  07 

18 

950 

36 

26-4 

»35  !  i3'5  1    375  1 

7-03 

i3"o8 

371 

25 

-818 

+  4'5 

—    2-1 

3a 

950 

36 

264 

6O9 

16*2 

1858 

142 

10*78    Zinc  melts 

26 

•673 

4-  06 

4-  0-6 

X3 

950 

z8 

5»-8 

344 

22 '8 

191 

2-76 

11-52    _       .       570 

'7 

•720 

+  7'6 

4-  9*2 

8 

950 

30 

3»'7 

535 

21-7 

17-82 

1-77 

10-79 

Lead  melts 

29 

•675 

4-62 

-  3-2 

a6 

950 

36 

26'4 

663 

«7 

«8-43  1 

X43 

io*A4 

lO'O 

„      and  zinc  melt 

3°. 

•653 

+  3-8 

+  39 

3a 

950 

36 

264 

565 

X9-4    X5'68  11-68 

„      melts         .    . 

3oi 

•662 

4  6-6 

+  34 

73 

9SO 

36 

264 

370 

X3'6    xo-26  .'  2-56    ;  II -81 

477 

3» 

•738 

4-  3-8 

-  406 

21 

950 

36 

26-4 

635 

17-6    17-64;  1*5      j  10-45 

Lead  melu     . 

3»i 

'% 

+  5 

+  4*1 

«3 

950 

18 

52-8 

15a 

20"3  1    8*43  ,  6-25      12-29 

399 

32 

4-10-4 

4-26*4 

«5 

950 

13*5 

704 

109 

233      S-o8  , 8-7        12-53 

360 

33 

783 

+  10*6 

46o*i 

7' 

950 

36 

26-4 

244 

X3'6      6*79  .  3*9 

XI 96 ;               427              1 

33i 

■747 

4-  8-5 

—  0-59 

38 

950 

36 

26-4 

668 

15*7    '8-56  1 

142 

9*47 

Zinc  melts          .    . 

34 

-592 

+  1-4 

+  157 
4-  8*8 

«7 

950 

36 

26-4 

6^5 

i6'x    17*92 

147 

9*99 

Lead    „         • 

35 

-624 

4-  9'8 

14 

950 

«3-S 

70-4 

257 

20*4    19*02 

3'^ 

XI '26 

478 

3? 

•704 

+  M'5 

4-28 

XX 

950 

^i 

395 

ao9 

16-4 

871 

4-78 

11*65 

^3» 

35 

728 

+  I3'3 

412-6 

30 

9SO 

36 

264 

437 

167 

12-15 

3-17 

XX '05 

,-♦78 

38 

•790 

+  78 

4-  i-x 

37 

950 

36 

264 

733 

i8-i 

20-35 

1-295 

751 

Zmc  melts          .    . 

46 

•47 

■f4o"4 

+44-6 

99 

950 

3j 

26-4 

772 

i8-a 

2X-43 

1-23 

7-41 

tt       >f         •       • 

<8 

•463 

440-6 

+47  "9 

7» 

950 

36 

264 

123 

15 

342 

77« 

XX '25 

337 

54 

•703 

+  22*3 

4-20-09 

Ref. 
No. 

59 

Remarks. 

Ref 

No. 

58 

Remarks. 

Ref. 
No. 

Remarks. 

Fotir  up] 

3er  ro 

ws  of  tubes 

Three  upper  rows  of  tubes 

12 

Grate  reduced. 

pluggei 

1. 

plugged.                                    9 

>t                it 

63 

Eight  up 

r^ 

Dws  of  tubes 

24 

Grate  reduced.                            8 

tt                tt 

pluggei 

1 

57 

Two  upper  rows  of  tubes  .    73 

Ferrules  in  tubes. 

6x 

Sue   uppi 

er   ro^ 

NTS    of  tubes 

plugged.                               '  13 
Ferrules  in  tubes                        15 

Grate  reduced. 

plugget 
Ferrules 

i. 

65 

ti           >t 

<H 

in  tub 

es.                    1 

10 

Grate  reduced.                          72 

Ferrules  in  tubes. 

6^ 

Five  upi 

)er  ro 

WS  of  tubes 

23 

1 

f»            f»                                 1   '4 

Grate  reduced. 

plugge 
FemiTni 

d. 

1 

32 

Ferrules  in  four  upper  rows  '    1 1 

tt          ^tt 

66 

in  tub 

^                  1 

of  tubes.                              .   7: 

Ferrules  in  tubes. 

*  The  Author  is  indebted  for  Tables  44 — 46  to  a  Paper  read  before  the  North- East  Coast 
Institution  of  Engineers  and  Shipbuilders  by  Messrs.  J.  Patterson  and  M.  Sanderson. 
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(  Boilers  at  Kinberlet 
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These  experiments  show  that  an  excessive  supply  of  air  to  a  furnace 
rapidly  diminishes  the  efficiency  of  the  heating-surface  of  a  boiler.  The 
supply  of  air  can  be  reduced  to  a  minimum,  and  the  eHiciency  of  the  heat- 
ing surface  is  increased,  by  forcing  the  draught.  In  combustion  with 
natural  draught,  about  one-fourth  of  the  heat  developed  in  a  furnace  is 
expended  in  creating  a  draught. 


Table  46, — Forced  Draught  Experiments  on  a  Horizontal  Return- 
Tube  Boiler  at  pHiLAnsLPHiA. 


Il 

It 

1 

1 

1^1 

1 

i 

sal 

I 

V 

ow 

»7    Ijs'' 

5,3         ,,., 

19      1    I'Ss 

ij-oa 

,3 

■80a 

« 

9^ 

f 

s; 

*59          ■*■. 

;:;■ 

a 

'3 
»3 

■699 

- 

« 

■jy 

«4 

78,    1  .,7 

^.-76 

■" 

■57" 

The  Pexfomuuice  of  Steun  Bliipi  with  Natural  Draught  and 
with  Forced  Draviht  in  the  Boileni  arc  given  in  Tables  47  and  48.  It 
will  be  seen  from  column  7  of  Table  47,  that  in  the  ship  with  natural  draught 
only  loj  indicated  horse-power  was  developed,  per  square  foot  of  fire- 
grate ;  but  that  with  forced  draught  from  16  to  17  horse-power  were 
developed  per  square  foot  of  fire-grate,  the  boilers  being  practically  the 
same  in  the  two  cases. 
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Table  47. — Performance  of  Steam  Ships,  each  fitted  with  the  same 
Size  of  Boilers,  with  Ordinary  Open  Stokeholds  and  Natural 
Draught,  and  with  Closed  Stokeholds  and  Forced  Draught. 


Indicated 

Ship. 

Lrsad  on 

Safety 

Valves. 

'  Indicated 
Horse- 
power. 

Weieht 
BoUers. 

Area  of 
Firegrate. 

Horse- PowEK  per 

P^'^f      Ton  of 
F^^ral     Bo"- 

lb. 

tons. 

Open  Stokeholds. 

Natural  Draught. 

Inflexible  .         .        .     . 

60 

8484 

756 

829 

IO-2I 

11*22 

Colossus 

64 

7492 

594 

645 

11*62 

12*61 

Phaeton     .         .         .     . 

90 

5588 

462 

546 

1023 

12*1 

Closed  Stokeholds. 

Forced  Draught, 

Howe    .... 

90 

II725 

632 

756 

15-54 

i8*5 

Rodney  (9  boilers) 

90 

9544 

474 

567 

16-83 

20*1 

Mersey 

no     j 

6628 

306 

399 

i6-6i 

21*7 

Scout         .        .        .     .     120 

3370 

174 

207 

16-28 

i9'3 

Trafalgar  (estimated)      .      135 

12000 

514 

609 

20*00 

233 

Note. — ^The  weight  of  boiler  giv 

en  indue 

les  weig 

ht  of  wj 

Iter,  funnel, 

uptakes,  fittings 

5,  spare  % 

l^ear,  Ac 

Table  48. — Results  of  Trials  of  similar  Steamships  with  Open 
Stokeholds  and  Natural  Draught,  and  with  Closed  Stoke- 
holds AND  Forced  Draught. 


Particulars. 

Open  Stokeholds  (Natural  Draught). 

"Inflexible." 

"  Colosswis." 

"Phaeton." 

Duration  of  trial  in  hours    . 

6 

5 

5 

Number  of  boilers  used 

12 

10 

8 

Mean  steam  pressure  in  boilers  .     lb 

6106 

61*52 

85-35 

Mean  pressurein  cylin-  C  High  pressure 
ders  in  lbs.  per  sq.  in.  (  Low        „ 

\      29*55 

40*66 

4356 

9*833 

12*09 

1143 

Mean  revolutions  per  minute 

73*26 

89*96 

100*26 

Mean  speed  of  piston,  in  ft.,  per  minute 

\        586 

585 

802 

Indicated  horse-power   .        .        .     , 

.       8483 

7492 

5588 

Area  of  firegrate  used  in  square  feet    . 

829 

645 

546 

I.H.P.  per  square  foot  of  firegrate  .     . 

10*21 

11*62 

10-23 

Heating  surface  per  I.H  P.  C  Tubes    . 
in  square  feet         .        .  (  Total 

2*20 

1*97 

2  23 

263 

233 

2*6l 

Coal  used  per  I.H.P.  per  hour,  in  lbs 

2 'GO 

2'55 

239 

„         hour,  in  tons     . 

7*8o 

853 

5*96 

( 

[*     Blast  used 

Blast  used 

Natural 

Remarks       .        .        .        .  \ 

1  1     last  half 

throughout 

draught 

i 

^     hour  only. 

the  trial. 

only. 
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Table  48  continued!^ — Results  of  Trials  of  Similar  Steamships.  &c. 


Particulars. 

Forced  Draught. 

t 

s 

• 

i 

•• 

*  Rodney;* 

e 

• 

1 

• 

.s 

Duration  of  trial  in  hours  . 
Number  of  boilers  used    . 
Mean    steam  pressure  in 

boilers  .        .         .lb. 
Mean  air  pressure  in  boiler 

rooms,  in  inches  of  water 
Mean  pressure  ^  High      ") 

in  cylinders  I  pressure  j 

in    lbs    per  C  Low        ) 

square  inch  )  pressure  ) 
Mean  revolutions  per  min. 
Mean  speed  of  piston,  in 

feet,  per  minute    , 
Indicated  horse-power  .     . 
Area  of  firegrate  used  in 

square  feet 
I  H.P.per  sq.  ft.  of  firegrate 
Heating  surface  per  )  Tubes 

I.H.P.  in  sq.  ft.  )  Total 
Coal  used  per  I.H.P.  per 

hour,  in  lbs.      .         .     . 
Coal  used  per  hour,  in  tons 

3 
6 

107*8 

2*02 

56-53 

22*82 
12234 

795 
6628 

399 
i6*6i 

1*56 

177 

2*48 
7-33 

4 
4 

1 13  09 

1*52 
61-42 

2431 
152-33 

762 
3370 

207 

16*28 

1*63 

1-83 

2*6 

3"92 

4 
12 

93-06 

1*4 
59-92 

12-8 

10342 

776 
11158 

756 

U75 
i'54 
1-82 

2*2 

II 

3 

9 

92-74 

1*89 

4973 

12-1 
100*13 

751 
9544 

567 
16-83 

135 
x-6 

... 
•  *  • 

4 
12 

89*21 

2*05 

59'5i 

1343 
106*63 

800 
11725 

756 

15-51 

1*46 

173 

2-16 
11-30 

6 
2 

8452 

15 
439 

1279 
778 

389 
983 

545 

l8"02 

I  24 
I -43 

2'54 

III 

Note. — The  indicated  horse- power  recorded,  is  that  developed  by  the 
main  engines  only,  and  does  not  include  the  indicated  horse- 
power expended  in  working  the  feed  and  circulating  pumps, 
blowing  fans,  and  other  auxiliary  machinery. 

The  maximum  air  pressure  =  2  02  inches  of  water  in  the  above  trials,  is 
equal  to  a  pressure  of  about  -^  lb.  per  square  inch. 

The  cubic  capacity  of  one  boiler  of  the  Howe  is  1344  cubic  feet. 

The  indicated  horse-power  given  by  the  boiler  was  644  with  natural 
draught,  and  977  with  forced  draught,  the  indicated  horse-power  per  cubic 
foot  of  boiler  was  '479  with  natural  draught,  and  -727  with  forced  draught. 

The  performance  of  steamships  of  various  nations  with  natural  draught 
and  with  forced  draught  is  shown  in  a  compact  form  in  the  following 
Table,  which  gives  the  method  of  forcing  the  draught,  the  consumption  of 
coal  per  indicated  horse-power,  and  the  percentage  of  gain. 


•  The  Author  is  indebted  for  Tables  47  and  48  to  the  "  Reports  of  the  Proceedings  of 
the  Institution  of  Naval  Architects." 
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Formd  Draaght  witlt  Warm  Air. — In  Howden's  system  of  forced 

combustion  in  steam-boilers,  the  air  supplied  to  the  furnaces  is  warmed  by 

passing  it  through  a  series  of  tubes,  placed  in  the  path  of  the  escaping  gases 

Fi;.  jj.  Tig.  st- 


ar products  of  combustion.  The  arrangement  of  the  furnace  is  shown  in 
Figs.  53— 55-  The  ashpit  is  closed,  as  shown  in  Fig.  55,  and  the  hot  air  is 
•uppiied  to  the  fire  both  above  and  below  the  bars.    Quick  gasifying  of  the 


FORCED  DRAUGHT  WITH  WARM  AIR. 
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fuel  and  complete  combustion  is  obtained  by  the  following  means : — ^The 
air  in  the  ashpit,  with  a  given  area  of  air-space  through  the  fire-bars,  and  a 
given  average  depth  of  fuel,  is  maintained  at  a  pressure  designed  to  pass  a 
quantity  of  air  through  the  fuel  sufficient  to  gasify  it,  and  bring  it  to  the 
surface  largely  in  the  form  of  carbonic  oxide.  The  air  in  the  casing  between 
the  two  furnace  doors  is  maintained  at  a  considerably  higher  pressure  than 
in  the  ashpit,  and  is  thus  received  by  the  distributing  boxes  inside  the 
furnace-plate  and  inner  furnace  door.  The  air  then,  at  a  considerable 
temperature,  and  at  a  high  velocity,  issues  in  minute  streams  from  small 
holes  in  the  interior  side  of  the  air-boxes,  their  aggregate  area  being  pro- 
portioned to  the  normal  work  of  the  furnace,  and  their  position  arranged  to 
cause  the  air  to  strike  the  fuel  with  force  equally  over  the  surface  within  the 
limits  of  the  fire-bars.  By  means  of  these  differential  pressures,  the  weight 
of  air  required  for  the  complete  combustion  of  a  given  weight  of  fuel  can  be 
made  much  less  than  is  necessary  in  an  ordinary  furnace,  while,  with  the 
complete  stage  of  combustion  being  chiefly  on  or  above  the  surface  of  the 
fuel,  a  clear  white  flame  and  intense  heat  is  generated  where  most  effective 
for  radiation,  and  most  innocuous  in  its  effect  on  the  furnace-bars. 

Two  voyages  were  made  by  a  steamship  under  similar  conditions,  one 
being  made  with  boiler-furnaces  worked  with  natural  draught,  and  the  other 
with  boiler-furnaces  worked  with  Howden's  system  of  forced  draught.  The 
results  of  this  trial  are  given  in  the  following  Table  : — 


Table  50. — ^Evaporative  Performance  of  a  Marine  Boiler  fitted 
WITH  Howden's  arrangement  of  Forced  Draught  compared  with 
A  Larger  Marine  Boiler  with  Natural  Draught. 


Boiler  with  Natural  Draught, 

Voyage. 

DrAI'GHT. 

ATerage 

RevoKi- 

tions. 

Average 
Indicated 
Horse- 
Power. 

Coal. 

Consump- 
tion per 
Twenty. 
Four 
Hoi*rs. 

Weather. 

Aft. 

Forward. 

1.  Homewards 

2.  Outwards   . 

ft.     in. 

20      3 

20      4 

ft.      in. 

19     3 

18    10 

56 
59 

564 

Not 
taken. 

Welsh. 
Ryhope. 

tons. 

15 

Fair. 

Boiler  with  Forced  Combustion,  or  Forced  Draught. 

Voyage. 

Draught. 

Average 
Revolu- 
tions. 

Average 
Indicated 
Hone- 
Power. 

Coal. 

Consump- 
tion per 
Twenty- 
Four 
Hours. 

Weather. 

Aft. 

Forward. 

1.  Outwards   . 

2.  Homewards 

ft.      in. 
20      4 

20      3 

ft.      in. 

18    10 

19    6 

57 
60 

Not 

taken. 

623 

Scotch. 
Welsh. 

tons. 
II 

9i 

Fair. 

Fair,  and 
head  wind 
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'  Table  50  continued, — ^Evaporative  Performance  of  a  M/ipjne 

Boiler,  &c. 


Dimensions  of  Boilers. 


Dimensions. 


Length  without  uptake    . 

Diameter 

Steam  domes  .... 
Number  and  diameter  of  furnaces 
Number,   length,   and    diameter  of 

tubes 

Tube  surface      .... 
Length  of  firebars,  over  all 
Aggregate  firegrate     . 


{ 


Boiler  with  Natural 
DraugfaL 


17  ft. 

12  ft.  6  in. 

Two 

Four,  3  ft.  5  in. 

372,  6  ft.  \\  in. 

by  i\  in. 

2173  sq.  ft. 

5  ft.  6  in. 

75  sq.  ft. 


Boiler  with  Forced 
Drau^Iu. 


II  ft. 
14  ft. 

None. 

Three,  3  ft.  4  in. 

210,  8  ft.  by 

3  in. 

13 19  sq.  ft. 

4  ft.  \\  in. 

36  sq.  ft. 


The  air-heating  tubes  for  the  forced  draught  were  40  in  number 
2  ft.  3  inches  long,  and  i\  inches  external  diameter. 


It  was  found  as  the  result  of  three  years^  working  of  two  steamers  under 
similar  conditions,  one  having  boilers  with  the  Howden  forced  draught,  and 
the  other  having  boilers  with  natural  draught,  that  the  steamer  with  forced 
draught  in  the  boilers  had  a  higher  average  speed,  and  the  consumption  of 
fuel  was  20  per  cent,  less  than  in  the  steamer  with  natural  draught  in  the 
boilers. 

The  chief  advantages  obtained  from  the  Howden  system  of  forced 
draught  are — ^increase  of  power;  economy  in  fuel;  reduced  wear  and 
tear  of  boilers;  coolness  m  stokeholds;  and  reduced  size  and  weight  of 
boilers  for  a  given  power. 

The  sources  of  economy  may  be  explained  as  follows : — 

By  whatever  amoimt  the  air  of  combustion  is  increased  in  temperature 
by  the  waste  gases,  the  average  temperature  of  the  furnaces  is  practically 
raised  to  the  same  extent.  If,  say,  200  degrees  are  added  to  the  air  of  com- 
bustion by  the  air-heaters,  the  average  temperature  of  the  furnace  is  raised 
200  degrees. 

From  this  increased  furnace  temperature  the  following  distinct  economical 
effects  arise,  viz. : — 

(i)  The  evaporative  power  of  the  heating  surface  is  increased.  The 
rapidity  of  the  evaporation  per  imit  of  heating  surface,  other  things  being 
equal,  is  in  proportion  to  the  difference  of  temperature  between  the  acting 
heat  and  that  of  the  water  to  be  evaporated,  and  as  the  temperature  of  the 
furnace  is  increased  by  200  degrees,  the  evaporative  power  of  the  boiler 
is  also  considerably  increased. 

(2)  The  gases  from  the  burning  fuel  combine  more  readily  with  the 
oxygen  of  the  air  of  combustion  as  the  temperature  of  the  fire  increases, 
and  consequently  less  air  is  required  for  combustion  per  unit  of  coal  at 
the  higher  temperature. 
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(3)  This  reduction  in  quantity  of  air  required  per  unit  of  coal 
consumed  has  also  an  important  economical  effect :  the  furnace 
temperature  is  increased  by  having  less  air  to  heat  to  the  same 
temperature  as  that  of  the  furnace  ;  and  less  heat  is  carried  oS  by  the 
chimney-gases. 

(j^)  The  volume  of  gases  passing  through  the  boiler  being  less  in  a 
given  time,  the  velocity  of  the  gases  is  less,  and  they  therefore  remain 
longer  in  contact  with  the  evaporating  surface,  and  impart  a  greater 
proportion  of  heat  to  the  water. 

With  boilers  fitted  with  the  Howden  system  of  forced  draught,  and 
triple-expansion  engines  using  steam  of  160  lbs.  per  square  inch  pressure, 
the  consumption  of  Cardiff  coal  is  frequently  only  from  i  lb.  to  i  '2  lbs. 
per  indicated  horse-power  per  hour. 

Steam-Zuduced  Draoglt. — ^The  object  of  this  system  of  draught  is 
to  blow  atmospheric  air  into  the  furnace  of  a  steam  boiler  above  the 
fire,  and  to  mix  it  with  the  combustible  gases  by  means  of  jets  of  steam 
to  assist  combustion,  and  also  to  increase  the  draught. 

From  three  to  six  air  tubes,  with  conical  ends,  are  fixed  above  the 
door  on  the  front  plate  of  the  mouthpiece  of,  and  project  into,  the 
furnace,  each  having  a  very  small  jet  of  steam  through  it,  which 
considerably  increases  the  quantity  and  velocity  of  the  air  introduced 
to  the  furnace. 

The  tendency  of  this  system  of  draught  is  to  reduce  the  quantity  of 
smoke,  and  to  slightly  increase  the  rate  of  evaporation. 

Experiments  show  that,  with  round  coal  and  coking  firing,  there  is 
no  advantage  in  using  a  steam-inductor,  except  in  reducing  the  quantity 
of  smoke ;  but  with  spreading  firinff  about  15  per  cent,  more  water 
may,  under  favourable  conditions,  be  evaporated  with  the  steam- 
inductor  than  without  it.  With  slack,  the  evaporation  is  generally 
superior  both  in  rapidity  and  efficiency  with  the  steam- inductor.  In  a 
general  way,  a  saving  of  from  2  to  5  per  cent,  of  coal  may,  under 
favourable  conditions,  be  effected  by  the  use  of  this  apparatus.  The 
evaporative  power  of  a  boiler  with  combustion  forced  with  steam-jet 
blowers  is  given  in  the  following  Table  :— 

Table  51. — Evaporative  Performance  op  a  Lancashire  Boiler 
Burning  Round  Coal  with  Steam-Jet  Blowers  in  the   Furnaces. 


Round  coal  burnt  p^r  square  foot  of  grate  with  coking 

firing 

Water  evaporated  per  pound  of  round  coal,  as  from  and 

at2i2**Fahr 

Round  coal  burnt  per  square  foot  of  grate  with  spreading 

firing 

Water  evaporated  per  pound  of  round  coal,  as  from  and  at 

212*^  Fahr 


Pounds. 


20 
II 

25 
10 
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Table  51A. — Evaporative  Performance  of  a  Lancashire  Boiler 
WHEN  Burning  Slack  with  Steam-Jet  Blowers  in  the   Furnaces. 


Rough  slack  burnt  per  s.f.  of  grate  with  coking  firing^ 
Water  evaporated  per  pound  of  rough  slack,  at  212°  F.     . 
Small  slack,  or  duff,  burnt  per  s.f.  of  grate  with  coking  firing 
Water  evaporated  per  pound  of  small  slack,  or  duff,  as 
from  and  at  212  Fahr 


Pounds. 
18 

9 
15 


Table  51B. — Result  of   Coking   Firing   and   Spreading   Firing    a 
Boiler  with  a  Fire  Twelve  Inches  Thick. 


Coal  burnt  per  s.f.  of  grate  per  hour,  lbs.  . 

Water  at  100°  Fahr.  evaporated  per  hour,  c.f. 

Water  per  pound  of  coal  at  212°  F.,  lbs.   . 

Smoke  per  hour — duration  of  very  light,  mins. 

Do.  brown 

Do.  black 


>» 


>) 


Coking. 

Spread- 

Air 

Coking. 

ing  Air 

through 

No  air 

through 

Furnace 

through 

Furnace 

Door 

Furnace 

Door 

after 

Door. 

after 

charging. 

charging. 

27'0 

29*0 

32-0 

4^'3 

47-0 

51-3 

"•3 

IO-8 

io'6 

3*2 

12*6 

20-8 

O'O 

1*4 

5  "3 

CO 

0-6 

4-2 

The  above  results  of  tests  show  that  coking  firing  is  much  better 
than  spreading  firing  for  the  prevention  of  smoke. 

The  Ellis  and  Eaves  System  of  Induced  Draught. — This  system 
of  artificial  draught  has  all  the  advantages  of  natural  draught,  tu^^^ther 
with  the  economy  to  be  gained  by  heating  the  air  required  for 
combustion  before  entering  the  furnace. 

It  consists  of  an  exhausting  fan  placed  at  the  base  of  the  funnel,  with 
an  air-heating  apparatus  between  the  smoke-box  and  the  fan-inlet, 
through  which  the  waste  gases  pass  on  their  way  to  the  fan  ;  the  air  for 
combustion  also  passes  through  this  heater  on  its  way  to  the  furnace. 
By  this  arrangement  not  only  is  the  air  heated,  but  the  waste  gases 
are  cooled  to  such  an  extent  that  they  do  not  impair  the  action  of,  or 
injure,  the  fan,  even  at  the  very  highest  rates  of  combustion  in  the 
furnace. 

This  system  of  induced  draught  is  in  some  cases  combined  with  a 
**  central  "  superheater  placed  in  the  uptake,  above  the  level  of  the  top 
row  of  the  tubes,  of  a  marine  return-tube  boiler.  The  steam  is  super- 
heated with  heat  which  would  to  a  large  extent  be  otherwise  wasted, 
as  the  temperature  of  the  air  for  combustion  heated  by  the  waste  gases 
is  very  little  affected  by  the  introduction  of  the  superheater  between 
the  air-heating  tubes  and  the  boiler. 


TEST  OF  A  BOILER  WITH  INDUCED  DRAUGHT.  I3I 

The  following  are  the  results  of  a  test  of  a  marine  return-tube  boiler  with 
the  Ellis  and  Eaves  system  of  induced  draught : — 

Coal  consumed  for  all  purposes  per  indicated  horse- 
power per  hour  referred  to  the  main  engine      .        .       "98  lb. 

Percentage  of  ash  and  clinker 9*07  lbs. 

Combustible  per  indicated  horse-power  per  hour,  ashes 
and  clinker  deducted '897  lb. 

Water  evaporated  during  24  hours,  a  deduction  of 
10  per  cent,  being  made  for  slip  of  the  pump,  and 
correcting  for  the  water-level  in  the  boilers        .         .     39,862  galls. 

Water  evaporated  per  pound  of  coal,  from  feed-water  at 
295°  Fahr.  to  steam  at  265  lbs.  pressure  per  square 
inch,  a  deduction  of  3  per  cent,  being  made  for  the 
temperature  of  194°  Fahr.,  at  which  the  feed-water  is 
measured 13*02  lbs. 

Water  evaporated  per  pound  of  coal,  as  from  and  at 

212°  Fahr 1272  lbs. 

Water  evaporated  per  pound  of  combustible,  as  from 
and  at  212°  Fahr 13-96  lbs. 

Total  water  used  per  ndicated  horse-power  per  hour  for 
all  purposes,  including  auxiliaries  and  waste,  referred 
to  the  main  engines 12*80  lbs. 

Rate  of  combustion  per  square  foot  of  fire-grate  surface 
per  hour 17*00  lbs. 

Temperature  of  the  air  entering  the  stokehold  74°  Fahr. ;  of  the  air 
entering  the  furnaces,  350—360°  Fahr. ;  of  the  waste  gases  at  the  smoke- 
box,  650°  Fahr.;  and  of  the  waste  gases  above  the  superheater,  430 — 
465°  Fahr. 

Temperature  of  the  waste  gases  at  the  fan,  385°  Fahr. ;  of  the  steam  at 
the  inlet  to  the  superheaters,  405°  Fahr. ;  of  the  steam  at  the  outlet  from 
the  superheaters,  425°  Fahr.;  of  the  steam  at  the  engine,  422°  Fahr.;  of 
the  feed-water  at  the  hot- well,  i66°  Fahr. ;  at  the  inlet  to  the  contact 
heater,  1 80°  Fahr. ;  at  the  outlet  from  the  contact  heater,  1 96°  Fahr. ;  at 
the  inlet  to  the  surface  heater,  194°  Fahr.;  and  at  the  outlet  from  the 
surface  heater,  295°  Fahr. 

Pressure  of  steam  in  the  boiler,  260  lbs.  per  square  inch.  Pressure  of 
steam  of  the  fan-engines,  90  lbs.  per  square  inch.  Vacuum,  26  inches. 
The  number  of  the  revolutions  of  the  engine  per  minute  was  67*6. 

The  evaporative  power  of  the  coal  was  =  15*4  poxmds  of  water,  as  from 
and  at  212°  Fahr.  The  efficiency  of  the  evaporation  is  =  (12*72  lbs.  of 
water  evaporated  per  lb.  of  coal  x  100)  -r  15*4  =82  per  cent. 

Heat-Betarders  for  the  Smoke-Tubes  of  Steam-Boilers. — The 
loss  of  heat  escaping  to  waste  in  the  products  of  combustion  up  the 
chimneys  of  steam-boilers  is  generally  very  considerably  more  than  is 
necessary  to  produce  natural  draught. 

In  marine  return-tube  boilers,  and  other  multitubular  boilers,  both  with 
natural  and  artificial  draught,  the  products  of  combustion  frequently  escape 
to  waste  at  a  temperature  exceeding  800**  Fahr.  and  there  is  consequently  a 
considerable  loss  of  fuel. 
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Retarders  are  sometimes  inserted  in  smoke-tubes  to  break  up  and  retard 
the  currents  of,  and  abstract  heat  from,  the  products  of  combustion,  and 

radiate  it  to  the  surfaces  of  the  tubes,  and 

^^^^^^^^<^^^k*Bi>0     thereby  increase  the  evaporative  efficiency 

Fig.  56.— Spiral  rctardcr.  of  multitubular  steam-boilers.     A  common 

form  of  retarder,  consisting  of  a  flat  strip 
of  metal  twisted  spirally,  is  shown  in  Fig.  56.  It  is  inserted  in  the  smoke- 
box  end  of  the  tube,  and  it  extends  a  distance  equal  to  from  one-fourth  to 
one-third  the  length  of  the  tube. 

The  economy,  or  saving  in  the  consumption  of  coal,  effected  by  retarders 
depends  upon  the  temperature  of  the  fuel-gases  in  the  tubes,  and  that 
depends  upon  the  temperature  of  the  fire,  which  in  a  test  by  Alfred 
Blechynden  was  found  to  be  as  follows : — 


Temperature  of  the  fire  in  the  furnace  of  a  steam-boiler 
Pyrometer  just  touching  the  incandescent  fuel  . 

Block  just  clear  of  the  solid  fire 

Block  from  ^inch  to  f-inch  clear  of  the  solid  fire     . 


Degrees  Fahr. 
.      2520 

.  2184 
.  1705 
.   1254 


The  temperature  of  the  fuel-gases  on  entering  the  tubes  of  marine  return- 
tube  boilers  is  frequently  from  1300°  to  2300°  Fahr.  The  heat  escaping  to 
waste  up  the  funnel  is  generally  equal  to  from  20  per  cent,  to  30  per  cent, 
of  the  total  heat  developed  in  the  furnace. 

The  fuel-gases  generally  enter  the  tubes  of  marine  return-tube  boilers  at 
a  velocity  of  from  17  feet  to  50  feet  per  second,  and  leave  them  at  a  velocity 
of  from  10  feet  to  20  feet  per  second,  with  natural  draught.  With  a 
moderately  forced  draught,  the  velocity  of  the  fuel-gases  on  entering  and 
leaving  the  tubes  is  generally  from  two  to  four  times  as  great  as  that  with 
natural  draught. 

The  economy  effected  by  retarders  also  depends  upon  the  strength  of  the 
draught  and  the  cleanness  of  the  heating-surfaces,  and  it  consequently  varies 
considerably.   In  a  trial  of  the  boilers  of  H.M.S.  "Minerva,"  with  and  without 


Figs.  s6a  and  s6b.— Flanged  spiral  retarder  for  smoke-tubes,  by  James  Howden  &  Co.,  Glasgow. 

retarders,  there  was  a  gain  of  1 1  '05  per  cent,  in  evaporation,  and  a  saving  of 
1 7*9  per  cent,  of  fuel  due  to  the  use  of  retarders.  The  saving  in  the  con- 
smnption  of  fuel  effected  by  retarders  is,  in  a  general  way,  from  5  to  10  per 
cent,  with  natural  draught,  and  from  8  to  20  per  cent,  with  forced  draught. 
Howden's  flanged  spiral  retarder,  shown  in  Figs.  56A  and  56B,  is  from 
I  foot  6  inches  to  2  feet  long.  It  has  a  flange  at  the  end  for  the  purpose 
of  convenience  in  handling,  and  preventing  it  slipping  too  far  into  the  tube, 
and  also  of  delaying  the  passage  of  the  fuel-gases.  The  flanges  are  at  the 
smoke-box  ends  of  the  retarders,  which  are  fitted  into  all  the  tubes  of  a 
steam-boiler. 


RETARDERS  FOR  THE  SMOKE-TUBES  OF  STEAM-BOILERS.      I33 


Table  51  a. — Results  of  Trials  of  a  Multitubular  Boiler  with  t\»'o 
Furnaces  and  Serve  Smoke-Tubes,  worked  with  the  Ellis  and 
Eaves  System  of  Induced  Draught. 


Steam  pressure  in  lbs 

Revolutions  per  minute,  fan  engine      .        .     . 
Temperature  of  air  at  side  valve  in  degrees 

x^  ALXi ..  .  •  .  •  .  •  ■ 

Temperature  of  gases  at  base  of  chimney  in 
degrees  Fahr 

Temperature  of  gases  in  smoke-box  in  degrees 

Vacuum  under  grate  bars  in  inches  of  water  .  . 
Vacuum  over  fires  in  inches  of  water 
Vacuum  at  base  of  chimney  in  inches  of  water 
Vacuum  above  outlet  of  fan  in  inches  of  water 
Speed  of  air  under  grate  bars  in  feet  per  minute 
Speed  of  air  through  heating  tubes  in  feet  per 

minute 

Temperature  of  air  entering  heating  tubes  in 

degrees  Fahr 

Pounds  of  ash  and  soot  from  smoke-boxes  . 
Pounds  of  ash  from  under  grates 
Pounds  of  clinker  from  furnaces  . 

Pounds  total 

Percentage  of  ash 

Coal  burnt  in  lbs.  in  six  hours 

Pounds  of  coal  burnt  per  square  foot  of  fire  grate 

per  hour 

Temperature  of  feed-water  in  degrees  Fahr. 

Water  evaporated  in  lbs 

Pounds  of  water  evaporated  per  lb.  of  coal 
Pounds  of  water  evaporated  per  lb.  of  coal  from 

and  at  212^  Fahr 


Without 
Retarden. 


47 
532*63 

331*36 


127272 

65-5 
86 
81 
246 

413 
4-6 

8960 

46-6 
529. 
67,000 

7*47 
8-89 


With  Scott's 
Retarders. 


47 
530-18 

3427 

465-9 

Melted 

Bismuth 

and  Lead 

•909 

•966 

4 

•375 
2418*1 

1090*9 

76-46 
22 
132 

151 
305 

3'4 
8960 

46-6 

57*5 
77,600 

8-66 
10*27 


The  flow  of  the  gases  in  a  multitubular  boiler  is  not  equally  distributed 
through  all  the  tubes,  and  the 
greater  poriion  of  the  products 
of  combustion  escape  through 
the  upper  rows  of  tubes.  By 
contracting  the  area  of  the 
opening  of  these  tubes  by  means 
of  ribbed  plugs,  or  radiators, 
shown  in  Figs.  57  and  57A,  or 
by  suitable  retarders,  the  flow 
of  the  products  of  combustion 
may,  however,  be  regulated  to  some  extent. 


Figs.  57  and  57A.— Radiator  for  smoke-tubes. 
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Scott's  retarders,  shown  in  Figs.  58  and  5  8a,  are  effectively  employed  for 
this  purpose.  They  are  placed  in  the  smoke-box  ends  of  the  tubes,  and  are 
so  proportioned  that  the  least  area  of  opening  is  through  the  lop  row  of  tubes, 
and  the  area  gradually  increases  in  each  of  the  lower  rows  of  tubes,  except 


WWW 

I  ^       "^      W  \ 

www 


Fig.  58.— Rctarder  for  smoke-tubes,  by  John  Scott  &  Co.,  Fig.  58A. — Scott's  retarder  for 

Limited,  Jarrow-on-Tyne.  smoke-tubes. 

in  the  three  bottom  rows,  which  are  without  retarders.  The  retarders  in 
each  row  of  tubes  are  bolted  to  an  iron  bar,  so  that  they  may  be  readily 
removed  when  the  tubes  require  sweeping. 

The  results  of  the  test  of  a  steam-boiler  with  and  without  Scott's  retarders 
are  given  in  Table  51  a. 

Influence  of  the   Ziength  of  Smoke-Tubes  on  Evaporation. — 

Some  experiments  were  made  by  M.  Henry  to  determine  the  evaporative 
efficiency  of  brass  tubes  of  i|-  inches  external  diameter  and  varying  in 
length  from  10  feet  to  23  feet.  The  ratio  of  the  diameter  to  the  length  in 
the  case  of  the  tube  23  feet  long  is  122.  With  the  tube  10  feet  long, 
7*87  lbs.  of  water  were  evaporated  per  pound  of  coal,  and  the  temperature 
in  the  smoke-box  was  739°  Fahr.  With  the  tube  23  feet  long,  10-20  lbs. 
of  water  were  evaporated  per  pound  of  coal,  and  the  temperature  in  the 
smoke-box  was  432°  Fahr.  By  increasing  the  length  130  per  cent.,  the 
evaporation  was  increased  30  per  cent.  When  a  tube  was  increased  from 
13  feet  to  16  feet  in  length,  or  23  per  cent.,  the  rate  of  evaporation  was 
increased  7  per  cent.  The  combustion  of  coal  per  square  foot  of  fire-grate 
per  hour  was  38*2  lbs.  with  the  tube  10  feet  long,  and  28*9  lbs.  with  the 
tube  23  feet  long. 

Performance  of  Locomotive  Engines. — ^Induced  draught,  or  vacuum 
in  the  chimney,  is  most  efficient  in  locomotive  boilers. 

The  results  of  tests  of  the  performances  of  five  different  express  loco- 
motive engines  of  the  North  Eastern  Railway  Co.,  made  by  Mr.  Walter 
M.  Smith,*  are  given  in  Table  53. 

In  calculating  the  horse-power  from  the  indicator-diagrams,  a  system  of 
constants  was  used,  which  also  represents  the  relative  capacities  of  the 
locomotive-engines  for  doing  work.  The  calculated  horse-power  which  a 
locomotive  engine  exerts  depends  upon  three  factors  :  (i)  the  speed  of  the 
train ;  (2)  the  effective  mean  pressure  in  the  cylinders ;  (3)  and  a  factor 
which  depends  only  upon  the  length  of  the  stroke  and  area  of  the  piston, 
and  the  diameter  of  the  driving  wheels  of  the  particular  engine.  The  third 
factor  constituted  the  factor  referred  to,  and  it  is  as  given  at  the  bottom  of 
Table  53.    The  horse-power  developed  at  a  given  speed  and  pressure 

*  Extract  from  a  paper  read  before  the  Institute  of  Mechanical  Engineers. 
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is  found  by  multiplying  the  constant  for  each  particular  engine  by  the  speed 
in  miles  per  hour,  and  by  the  mean  pressure  in  the  cylinder  in  pounds  per 
square  inch. 

The  horse-power  developed  in  these  tests  was  very  great. 

The  mean  indicated  horse-power  exerted  over  a  distance  of  6 5 -J  miles  by 
the  locomotive  engine  B  was  753,  the  average  pressure  of  the  steam  being 
178  lbs.  per  square  inch  in  the  boiler,  130  lbs.  per  square  inch  in  the 
steam -chest,  and  57*28  lbs.  per  square  inch  in  the  cylinder. 

On  an  average,  the  dynamometer  horse-power  was  approximately 
equal  to  64  per  cent,  of  the  indicated  horse-power ;  the  remainder, 
or  36  per  cent,  of  the  driving  power,  was  absorbed  by  the  engine  and 
tender. 

The  dimensions  of  these  engines  are  given  in  the  following  table : — 


Table  52. — Dimensions  of  Five  Express  Locomotive  Engines  of  the 

North-Eastern  Railway  Company. 


1 

Letter  of  Engine. 

A. 

B. 

C. 

D. 

E. 

Weight  of  engine   ,    tons 

39-500 

46950 

50*800 

50-700 

42*100 

Weight  of  tender,  mean  for 

double  journey       .  tons 

25-345 

32-478 

33-394 

34 '810 

26*309 

Total  weight   of   engfne, 

and    mean    weight    of 

tender .        .        .    tons 

64845 

79-428 

84*194 

85-510 

68*409 

Total    weight    of    fifteen 

six-wheel  vehicles  .  tons 

186*500 

186*500 

186*500 

186-500 

186*500 

Total  weight  of    engine. 

tender,       and       fifteen 

vehicles .        .        .  tons 

251*345 

265*928 

270*694 

272*010 

254909 

Cylinder    diameter,    and 

length  of  stroke  .  inches 

18J  X  24 

19  X  24 

20  X  26 

19  X  26 

18  X  24 

Driving-wheels,  diameter 

^    in  feet  and  inches      .     . 

6'  iii^' 

/  n" 

7' 71' 

7'  0  *•-'•' 
.  Coupled. 

6'  11" 

Coupled  or  single     . 

Coupled. 

Single. 

Coupled. 

Coupled, 

Boiler  pressure  per  square 

inch    above    the  atmo- 

sphere  .                 .   lbs. 

140 

175 

175 

175 

160 

Length  of  boiler  in  feet 

and  inches         .        .     . 

10'  3" 

10'  7" 

II' 6" 

11' 6" 

10'  7" 

Diameter  of  boiler  in  feet 

t 

and  inches 

4' 3" 

4' 3" 

4'4' 

4' 4' 

4' 3* 

T-ength  of  fire-box  in  feet 

and  inches         .        .    . 

5'0" 

7  0 

7'o" 

6' 9' 

5' 10' 

'  Number  of  tubes 

206 

203 

201 

225 

205 

Diameter  of  tubes  .  inches 

ij 

If 

If 

If 

If 

Heating  surface  of  tubes 

in  square  feet    .        .     . 

999  7 

1016 

1089 

1220 

1026*2 

Heating  surface  of  fire-box 

in  square  feet 

104 

123 

127 

121 

no 

Total   heating  surface  in 

square  feet                 .     . 

11037 

1 139 

1216 

1341 

11362 

Area  of  fire-grate  in  square 

feet        ••        .        .        . 

15 

20 '7 

20  7 

19*6 

17 

136 
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Table  53. — Tested  Performance  of  Five  Express  Locomotive  Engines 

OF  THE  North-Eastern  Railway  Company. 


Letter  of  Engine. 


Coal  burnt  per  square 
foot  of  grate  area  jper 
hour .  .        IDS. 

Water  used  per  square 
foot  of  grate  area  per 
hour  .  lbs. 

Water  used  per  hour  lbs. 

Coal  burnt  per  hour    lbs. 

Coal  burnt  per  hour  per 
i.h.-p.  .        Ids. 

Water  in  tank,  mean  tem- 
perature for  the  double 
journey        .  deg.  Fahr. 

Water  used  per  pound 
of  coal  for  the  double 
journey  .        .        .lbs. 

Water  used  per  pound  of 
cosd  from  water  at  212° 
Fahr.  to  steam  of  212° 
Fahr.     .  .    lbs. 

Steam  per  i.h.-p.  per 
hour  from  water  at  212° 
Fahr.  to  steam  of  212° 
Fahr.         .        •        lbs. 

Water  used  per  i.h.-p. 
per  hour        .        .    11^. 

Average  i.h.-p.  for  the 
double  journey  .        .    . 

Calorific  value  of  the  coal : 
water  evaporated  per 
lb.  from  and  at  212° 
Fahr.      .        .        .  lbs. 

Work  done  per  pound  of 
steam  from  and  at  212° 
Fahr.         .  foot-pounds 

Constants 


A. 


136*400 

893*190 

I3397'85 
2046*04 

3-65 
51 '80 

6-54 
7-91 

28*87 
2387 

56035 
15  "32 


640510 
•2564 


B. 

C. 

109*646 

90*79 

873*910 
18089-93 
2269*67 

767*900 

15895*43 
1879*37 

3*11 

2*92 

48*25 

51*25 

797 

8*45 

973 

10*28 

30*26 

30*01 

24-78 

24*67 

729*20 

643*30 

15*02 

14*85 

795228 
•2535 

705027 
*3295 

D. 


99-965 


770*260 
15097*09 

1959*33 
3*03 


4625 
•7*70 

9*42 

28*54 

23*33 

645*93 

1504 


746836 
*2964 


E. 


110*958 


887*720 
15091*24 
1886*28 

3*11 


51*25 
799 

9-71 

30*19 

24*84 

606*50 

1511 


662951 
•2498 


Besnlts  of  Test*  of  Marine  BetnmL-Tube  Boilers. — The  following 
tables,  containing  the  results  of  tests  of  marine  return-tube  boilers,  are 
extracted  from  the  Report  on  Marine-Engine  Trials  by  the  Research 
Committee  of  the  Institution  of  Mechanical  Engineers. 

The  steamers  "Meteor"  and  "Tartar"  have  each  two  double-ended 
return-tube  boilers  and  triple  expansion  engines,  and  the  "  Fusi  Yama " 
has  one  single-ended  return-tube  boiler  and  double  expansion  engines. 

The  funnel  gases  on  leaving  the  tubes  of  the  boiler  were  467  lbs.  in 
weight  per  minute,  and  14,690  cubic  feet  in  volume  per  minute  in  the 
boilers  of  the  "Meteor" ;  391  lbs.  in  weight  per  minute,  and  10,200  cubic 
feet  in  volume  per  minute  in  the  boiler  of  the  "  Fusi  Yama" ;  and  522  lbs. 
in  weight  per  minute,  and  12,280  cubic  feet  in  volume  per  minute  in  the 
boilers  of  the  "  Tartar."  The  velocity  of  the  fuel-gases  through  the  tubes 
of  the  boiler  of  the  "  Fusi  Yama  "  was  785  feet  per  minute,  and  that  of  the 
boilers  of  the  "  Tartar  "  was  686  feet  per  minute. 
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Table  54. — Results  of  a  Trial  of  the  Double-Ended  Return-Tubb 

Boilers  of  the  Screw  Steamer  "  Meteor." 


Total  heating  surface  ....  square  feet 
Heating  surface  of  the  tubes  ....     square  feet 

Grate  area square  feet 

Total  heating  surface  to  grate  area         .  ratio 

Tube  surface  to  grate  area ratio 

Grate  area  to  the  area  through  the  funnel  .  .  ratio 
Mean  boiler-pressure  above  the  atmosphere  in  pounds  per 

square  inch 

Total  indicated  horse-power,  mean 

Fuel  burnt  per  hour lbs. 

Fuel  burnt  per  square  foot  of  grate  area  per  hour  .  lbs. 
Fuel  burnt  per  square  foot  of  total  heating  surface  per 

hour lb. 

Fuel  burnt  per  indicated  horse-power  per  hour       .        lbs. 

Feed-water  per  minute lbs. 

Feed-water  per  hour lbs. 

Feed-water  per  square  foot  of  total  heating  surface  per 

hour lb. 

Feed-water  per  pound  of  fuel  ....  lbs. 
Feed-water  per  pound  of  fuel,  from  and  at  212®  Fabr.  lbs. 
Feed-water  per  pound  of  fuel,  carbon  value  from  and  at 

212**  Fahr lbs. 

Feed-water  per  indicated  horse-power  per  hour  .  lbs. 
Calorific  value  of  one  pound  of  fuel  as  used  (A) .  ih.  units 
Percentage  of  line  A  taken  up  by  the  feed-water  (B)  per  cent. 
Percentage    of    line     A    carried    away    by    the    furnace 

gases per  cent. 

Percentage  of  line  A  lost  by  imperfect  combus- 
tion   per  cent. 

Percentage  of  line  A  used  in  evaporating  moisture  in  the 

coal per  cent. 

Percentage  of  line  A  unaccounted  for  .  .  per  cent. 
Heat  taken  up  by  the  feed-water  per  minute  (C)  th.  units 
Heat  turned  into  work  per  minute  (D)  .  ihermal  units 
Heat  taken  up  by  the  feed-water  per  indicated  horse-power 

per  minute thermal  units 

Efficiency  of  boilers  (E)  =  (line  B)  .  .  .  per  cent. 
Efficiency  of  engine  (F)  =  (line  D  -r  line  C)  .  per  cent. 
Efficiency  of  engine  and  boiler  combined  =  (line  E  x 

line  F) per  cent. 

Space  occupied  by  boilers  per  indicated  horse-power  cub.  ft. 
Weight  of  engines,  boilers,  etc.,  with  water  per  indicated 

horse-power ton 

Mean  temperature  of  chimney-gases  .  degrees  Fahr. 
Mean  temperature  of  the  feed-water  .  .  degrees  Fahr. 
Mean  temperature  of  the  boiler-steam    .         degrees  Fahr. 


6648 

5760 

208 

277 
5 

1452 
1994 

4005 
1925 

0'602 
2*OI 

4977 
29,860 

4'49 
7-46 

8-21 

9*62 

14-98 

12770 

62*0 

21*9 

36 

1*2 

11*3 

528,600 

85,240 

265-6 
62-0 
I6-I 

O'O 

2-72 

0*20 
791 
163 

363 
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Table  55. — Results  of  a   Trial  of  the  Single-Ended  Return-Tube 
Boiler  of  the  Screw  Steamer  "  Fusi  Yama." 


square  feel 

square  feet 

square  feet 

ratio 

.  ratio 

ratio 

.  ratio 


Total  heating  surface  .... 

Heating  surface  of  the  tubes  .... 

Grate  area 

Total  heating  surface  to  grate  area 

Tube  surface  to  grate  area .... 

Grate  area  to  flue  area  through  the  tubes 

Grate  area  to  the  area  through  the  funnel    . 

Mean  boiler-pressure  above  the  atmosphere  in  pounds  per 

square  inch 

Revolutions  per  minute,  mean 

Total  indicated  horse-power,  mean 

Fuel  burnt  per  minute lbs. 

Fuel  burnt  per  hour  lbs. 

Fuel  burnt  per  square  foot  of  grate  area  per  hour  .  lbs. 
Fuel  burnt  per  square  foot  of  total  heating  surface  per 

hour lb. 

Fuel  burnt  per  indicated  horse-power  per  hour  .        .    lbs. 

Feed-water  per  hour lbs. 

Feed-water  per  square  foot  of  total  heating-surface   per 

hour lbs. 

Feed-water  per  pound  of  fuel  ....  lbs. 
Feed-water  per  pound  of  fuel,  from  and  at  212°  Fahr.  lbs. 
Feed-water  per  pound  of  fuel,  carbon  value  from  and  at 

2 1 2°  Fahr lbs. 

Feed-water  per  indicated-horse-power  per  hour      .         lbs. 
Calorific  value  of  one  pound  of  fuel  as  used  (A)      th.  units 
Percentage  of  line  A  taken  up  by  feed-water  (B)     per  cent. 
Percentage    of    line    A    carried    away    by    the    furnace- 
gases      ........    per  cent. 

Percentage  of  line  A  used  in  evaporating  moisture  in  the 

coal  ........         per  cent. 

Percentage  of  line  A  unaccounted  for  .        .    per  cent. 

Heat  taken  up  by  the  feed-water  per  minute  (C)  .  th.  units 
Heat  turned  into  work  per  minute  (D)  .  .  thermal  units 
Heat  taken  up  by  the  feed-water  per  indicated  horse-power 

per  minute thermal  units 

Efficiency  of  boiler  (E)  =  (line  B)  .         .         per  cent. 

Efficiency  of  engine  (F)  =  (line  D  -r  line  C)  .  per  cent. 
Efficiency  of  engine  and  boiler  combined  =  (line  E  x  line  F) 
Mean  velocity  of  the  steam  through  water  surface  of  boiler 

in  feet  per  minute 

Space  occupied  by  boilers  per  indicated  horse-power  cub.  ft. 
Weight  of  engines,  boilers,  &c.,  with  water  per  indicated 

horse-power ton 

Mean  temperature  of  the  chimney  gases  degrees  Fahr. 

Mean  temperature  of  the  feed-water  .  .  degrees  Fahr. 
Mean  temperature  of  the  boiler-steam    .         degrees  Fahr. 


2257 
1689 

52 
43'4 

4-0 
3*2 

56-84 

55*59 

371-3 
16-45 

987 
18-98 

o*437 
2-66 

7860 

3-48 
7-96 
8-87 

lO'IO 

21-17 

12,760 

67-2 

235 

09 

8-4 
141,100 

15.870 

380 
67*2 

II'2 
7-6 

6-28 

453 

0-27 

578 

129-5 

304 
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Table  56. — Results  of  a  Trial  of  the  Double-Ended  Return-Tube 

Boilers  of  the  Screw  Steamer  **  Tartar." 


square  feet 

square  feet 

square  feet 

ratio 

.  ratio 

ratio 

.  ratio 


Total  heating  surface  .... 

Healing  surface  of  the  tubes  .... 

Grate  area         ...... 

Total  healing  surface  to  grate  area 

Tube  surface  to  grate  area 

Grate  area  to  flue  area  through  the  tubes 

Grate  area  to  the  area  through  the  funnel    . 

Mean  boiler-pressure  above  the  atmosphere  in  pounds  per 

square  inch 

Revolutions  per  minute,  mean    . 
Total  indicaled-horse-power,  mean 

Fuel  burnt  per  minute lbs 

Fuel  burnt  per  hour lbs 

Fuel  burnt  per  square  foot  of  grate  area  per  hour  .  lbs 
Fuel  burnt  per   square  foot  of  total  heating  surface  per 

hour lbs. 

Fuel  burnt  per  indicated  horse-power  per  hour  .  .  lbs. 
Carbon-value  of  one  pound  of  fuel  as  used  .  .  lbs. 
Carbon-value  equivalent  per  indicated    horse -power  per 

hour lbs. 

Feed-water  per  minute  .         .         .         .         .         .         lbs. 

Feed- water  per  hour lbs. 

Feed-water  per  square  foot  of  total  heating  surface  per 

hour lbs. 

Feed-water  per  pound  of  fuel  ....  lbs. 
Feed-water  per  pound  of  fuel,  from  and  at  212°  Fahr.  .  lbs. 
Feed-water  per  pound  of  fuel,  carbon  value,  from  and  at 

212°  Fahr. lbs. 

Feed-water  per  indicated  horse-power  per  hour  .  .  lbs. 
Calorific  value  of  one  pound  of  fuel  as  used  (A)  th.  units 
Percentage  of  line  A  carried  away  by  the  furnace-gases 

per  cent. 
Heat  taken  up  by  the  feed-water  per  minute  .  thermal  units 
Heat  turned  into  work  per  minute  .  .  thermal  units 
Heat  taken  up  by  the  feed-wa'er  per  indicated  horse-power 

per  minute thermal  units 

Efficiency  of  the  engine per  cent. 

Efficiency  of  the  engine  and  boiler  combined  .  per  cent. 
Mean  velocity  of  the  steam  through  water  surface  of  boilers 

in  feet  per  minute 

Space  occupied  by  boilers  per  indicated  horse-power  cub.  ft. 
Weight  of  engines,  boilers,  &c.,  with  water  per  indicated 

horse-power ton 

Mean  temperature  of  the  chimney-gases  .  degrees  Fahr. 
Mean  temperature  of  the  feed-water  .  degrees  Fahr. 
Mean  temperature  of  the  boiler- steam         .     degrees  Fahr. 


5226 

4366 

161 

325 
27-1 

4*5 
42 

143-6 

70*0 

1087-4 

32-0 

1920 

11-93 

0-367 

1-77 

I -03 1 

1-82 

359'4 
21,564 

4'i3 
11-23 

13-06 

12*67 

19-83 
14995 

22-1 

403,600 

46,490 

3712 
11-5 

97 

3*43 
4*33 

0-27 

477 
loi 

362 
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Sfioienoy  of  Bteam-Boilers. — ^The  following  table  of  the  ef!icienc> 
of  steam-boilers  was  given  by  Mr.  Dmit  Halpin  at  a  meeting  of  the 
Institution  of  Mechanical  Engineers. 


Table 

57. — Efficiency  of 

Steam-Boilers 

. 

Lbs.  or  Water 

EVAPORATJEO. 

Thermal  Units. 

Fi^re  of 

P«r 

Trans- 

Fflfi 

Merit  a  units 

Description  of  Steam-Boiler. 

r  er 
Square 
Foot  of 
Heating 
Surface 
per  Hour. 

Per  lb.  of 

Fuel  from 

and  at 

aia*  F. 

In  Fuel. 

mitted  per 

Hour  per 

Square 

Footof 

Heating 

Surface. 

1 

Per  lb.  of 
Fuel. 

XMn- 

ciency. 
•  •  • 

per  Square 
Foot  per 
Hourx 

efficiency. 

Field    • 

4*57 

8-83 

•  • . 

4414 

8529 

... 

Field        .        .     . 

2-28 

10-83 

•  •  • 

2202 

1 046 1 

• . . 

• .  • 

Field     . 

2*57 

10-93 

•  •  • 

2482 

10558 

•  .  a 

•  •  • 

Portable  ^ 
Portable  (  ^     .j^j 

1-52 

10-23 

I4718 

1468 

9882 

67 

98356 

2*26 

10-49 

I4718 

2183 

10133 

68 

148444 

Portable  C  ^^'^"^^  ' 
Portable  J 

176 

II-81 

I4718 

1700 

II 408 

77 

130900 

3*5<5 

9*93 

... 

3438 

9592 

.  •  • 

I18248 

Lancashire    . 

i'57 

12-83 

I5715 

1516^12393 

78 

108248 

Lancashire        .     . 

2-83 

9-89 

13833 

2733     9553 

68 

185844 

T^ncashire    . 

r88 

12-25 

I5715 

1816   11833 

75 

136200 

Jacketted .        .     . 

470 

77 

14805 

4595!    7500 

50 

229750 

Lancashire        .     . 

2*57 

10*9 

I5715 

2482 : 10529 

67 

166294 

Compound    . 

1-43 

11*51 

14296 

1381 : 11125 

78 

1077 I 8 

Loco.  (Webb)  .     . 

9-83 

10-28 

14004 

9495!  9930 

70 

664650 

Loco.  (Marie)  .     . 

4*62 

10-65 

14600 

4462 \  10287 

70 

312340 

Loco.^ 

12*57 

8-22 

13550 

12142    7940 

58 

704236 

^^^'  i  Coke 

1373 

8*94 

13550 

13263    8636 

63 

835569 

Loco.  ^  ^^^® 

676 

lO'OI 

13550 

6530 

9669 

71 

463630 

Loco.  J 

7-39 

11*2 

13550 

7138 

I0819 

77 

549626 

lorpedo  .         .     . 

1254 

8-37 

14727 

12113 

8085 

54 

654102 

Torpedo 

14-86 

778 

14727 

U354 

7523 

51 

732054 

Torpedo  .         .     . 

17-90 

7-49 

14727 

17291      7235 

49 

847259 

Torpedo 

20-74 

7-04 

14727 

20034     6800 

46 

921564 

Duty  of  Bteam  Fumping-Engines. — The  power  of  a  steam  pumping- 
engine  is  expressed  both  by  the  indicated-horse-power  and  the  pump- 
horse-power. 

One  indicated-horse-power  is  =  33,000  foot-pounds  per  minute,  and 
a  33,000  X  60  minutes  »  1,980,000  foot-pounds  per  hour. 

One  pump-horse-power  is 

.Number  of  gallons.  /total  height  of  \     /  number  of  . 

(  of  water  pumped  j  x  lo  lbs.  x  L^    j.j  .»  ^     j  x  I  revolutions  ) 


per  revolution 


per  minute. 


33.000 


t»ERF*ORMANCE  OF*  A  PUMPING-ENGfNE.  I4I 

One  pump-horse-po  .ver  is  also 
T       ^t    r  u       r  area  of  the  pressure  on  the 

«') . , .  ( zt^) .  (p-:---)  ^  ( ^rO") 

\mfeet/  ^  per  minute  ^     ^         .^^^^^      ^  square  inch. 

The  pressure  on  the  pump-plunger  in  lbs.  per  square  inch  is  «  the 
height  of  the  lift  in  feet  x  -433. 
The  work  done  by  a  pumping-engine  per  lb.  of  coal  is 

1,980,000  foot-pounds  per  hour 

""  lbs.  of  coal  used  per  pump-horse-power  per  hour. 

The  duty  of  a  pumping-engine  is  usually  expressed  by  the  work  done  by 
I  cwt.  of  coal. 

The  weight  of  water  raised  in  foot-pounds  per  cwt.  of  coal  is 

1,980,000  foot-pounds  per  hour  ,, 

~  lbs.  of  coal  used  per  pump-horse-power  per  hour 
The  quantity  of  water  raised  100  feet  high  per  lb.  of  coal  is 

1,980,000  foot-pounds  per  hour 
number  of  pump-horse-power  x  100  feet. 
The  mechanical  efficiency  of  the  pumping-engine  is 

Number  of  pump-horse-power 
number  of  indicated-horse-power. 

If  the  evaporative  power  of  the  coal  used  in  testing  a  boiler  supplying 

steam  to  a  pumping-engine  be,  say,  14  lbs.  of  water  as  from  and  at 

212°  Fahr.,  ths  above  standard  of   112  lbs.  of  coal   may  be  expressed 

by   14  lbs.  X  966  =»  13,524  units    of    heat   delivered   per    lb.  of  coal 

X  112  lbs.  »  1,514,688  units  of  heat. 

The  duty  of  high-class  triple-expansion  pumping-engines  is  generally 
from  140  to  180  millions  of  foot-pounds  per  112  lbs.  of  coal. 

Results  of  a  test,  by  W.  H.  White,  of  a  Worthington  compound 
pumping-engine  at  the  Waterworks,  Oxford: — 

Duration  of  the  trial 6  hours 

Total  number  of  revolutions      .         .        .7301 
Average  revolutions  per  minute .         .        .     20*25 

Average  total  lift 185*86  feet 

Total  lbs.  of  feed-water,  including  jackets  .     12,408 
Pounds  of  feed-water  per  hour  .        .        •     2068 
Total  lbs.  of  coal,  gross,  including  ash      .     12 13 
Gallons  of  water  pumped  per  revolution    •    100 
Pump-horse-power 

IQO  X  10  X  185*86  X  20*25 

"  33»ooo  -       • 

Indicated   horse  -  power  —  mean    of    48 

diagrams 123*34 

Pounds  of  feed-water  per  pump-horse-power 

per  hour  =■  2068  -5- 1  I4,including]ackets  =       1 8*  1 4 
Pounds  of  coal  per  pump-horse-power  per 

hour=  1213-^(6  X  ii4)«       .        •        ,        1*77 


113-901,  say,  114 
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Evaporation,  in  lbs.,  of  water  per  i  lb.  of 
coal io'2o 

■cffi^;^«^„       pump-horse-power 

i!.fficiency=:-i- — £--- ^ .        .       02-3  per  cent. 

indicated-horse-power  ^    'J  r 

Duty,  assuming  an  evaporation  of  10  lbs. 
of  water  per  lb.  of  coal,  as  required  by 
the  contract 122,000,000  foot-pounds. 

Duty  on  the  actual  coal  burnt    .        .        .     125,100,000  foot-pounds. 

It  will  be  seen  that  the  duty  actually  obtained  is  nearly  the  same  as  the 
estimated  duty. 

When  the  efficiency  of  a  pumping-engine  is  required  to  be  found  inde- 
pendently of  that  of  the  boilers,  the  computation  of  the  required  duty  of  the 
engine  may  be  based  upon  a  unit  of  water  evaporated  to  dry  steam  in  the 
boiler,  the  equivalent  of  which  may  be,  say,  1000  lbs.  of  water  evaporated 
as  from  and  at  212°  Fahr. 

The  duty  of  a  pumping-engine  per  1000  lbs.  of  water  evaporated  as  from 
and  at  212°  Fahr.  is 
Work  done  in  foot-pounds  x  1000  lbs,  of  water 

equivalent  weight  of  water  in  lbs.  evaporated  as  from  and  at  212°  Fahi. 
In  which  the  equivalent  evaporation  is  = 

(Weight  of  water  fed  to  the  boilcrN       /  the  factor  of  \ 
and  evaporated  to  steam        /       V  evaporation.  / 

Then,  1000  lbs.  of  steam  made  as  from  and  at  212*^  Fahr.  contains 
1000  lbs.  X  966  =  966,000  heat  units. 

The  duty  of  a  pumping-engine  based  on  1000  lbs.  of  dr}'  steam  is 

__  Work  done  in  foot-pounds  x  966,000  units  of  heat 

""    /Weight  of  water  fed  to  the  boiler\         ^^  ,, 
V       and  evaporated  to  steam        ;  ^  ^^^^  *^^* 
When  any  heat  is  returned  from  the  engine  to  the  boiler,  or  steam  is  used 
for  any  other  purpose  than  working  the  engine,  the  net  duly  of  the  engine 
per  1000  lbs.  of  sleam  made  as  from  and  at  212°  Fahr.  is 

_  W^ork  done  in  foot-pounds  x  966,000  units  of  heat 
(W  X  1000  lbs.)  -  (W  x  U)  ' 

in  which 
W  =  The  weight  of  water  fed  to  the  boiler  and  evaporated  to  steam. 
U  =  Heat-units  returned  to  the  boiler,  plus  the  heat-units  in  the  steam 
used  for  any  purpose  other  than  working  the  engine,  in  excess  of 
the  heat-units  in  an  equal  weight  of  water  at  212°  Fahr. 
The  duty  of  pumping-engines  in  America  is  generally  measured  by  the 
heat-unit  standard  of  1,000,000  thermal  units,  as  expressed  by  the  following 
formula : — 

r.  .„              Foot-pounds  work  done  _^  ^^^ 

Duty  =  ;_ . — i; — _  X  1,000,000  = 

thermal  units  of  heat  consumed 

[C  V  wN  -  L]  X  [H-hj  +  ^]  i,ooo,oco 

thermal  units  of  heat  consumed 

in  which 
V  =s  Volume  of  the  piston  displacement,  one  stroke,  cubic  feet. 
zo  =  Weight  of  one  cubic  foot  of  water. 
N  s-  Nimiber  of  strokes  during  the  trial. 
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H  =»  Head  in  feet  corresponding  to  the  inJicalion  of  pressure  gauje  on 
the  force  main. 

h  =  Head  in  feet  corresponding  to  the  indication  of  the  vacuum  gauge 
on  the  suction  main. 
(This  is  a  minus  quantity  where  there  is  a  head  of  water  on  the 
suction  main  and  a  pressure  gauge  is  used.) 

s    =s  Vertical  distance  in  feet  between  the  centres  of  the  two  gauges. 

L  =  Total  leakage  of  the  plungers  during  the  trial  estimated  from  the 
results  of  the  leakage  test  with  the  pump  at  rest. 

C  =  Correction  for  air  admitted  into  the  pump  =  proportion  of  the 
stroke  during  which  the  pump  is  subjected  to  the  full  discharge 
pressure,  measured  from  the  indicator  diagram. 

Thermal  units  of  heat  consumed  =  weight  of  water  supplied  to  the  boiler 
by  the  main  feed  pump  x  total  heat  of  steam  of  boiler  pressure  above  the 
temperature  of  the  main  feed  water,  plus  the  weight  of  ^vater  supplied  by 
the  jacket  pump  x  total  heat  of  steam  of  boiler  pressure  above  the  tempera- 
ture of  the  jacket  water,  plus  the  weight  of  any  other  water  supplied  x  total 
heat  of  steam  above  its  temperature  of  supply.  The  total  heat  of  the  steam 
is  corrected  for  the  moisture  or  superheat  which  the  steam  may  contain. 
For  moisture,  the  correction  is  subtracted,  and  is  found  by  multiplying  the 
latent  heat  of  the  steam  by  the  percentage  of  moisture  and  dividing  the 
product  by  loo.  For  superheat,  the  correction  is  added,  and  is  found  by 
multiplying  the  number  of  degrees  of  superheating  (/.^.,  the  excess  of  the 
temperature  of  the  steam  above  the  normal  temperature  of  saturated  steam) 
by  0*48.  No  allowance  is  made  for  heat  added  to  the  feed-water  which  is 
derived  from  any  source  except  the  engine  or  some  accessory  of  the  engine. 
Heat  added  to  the  water  by  the  use  of  a  flue  heater  at  the  boiler  is  not  to  be 
deducted.  Should  heat  be  abstracted  from  the  flue  by  means  of  a  re-heater 
connected  with  the  intermediate  receiver  of  the  engine,  this  heat  must  be 
included  in  the  total  quantity  supplied  by  the  boiler. 

The  following  example  is  given  by  G.  H.  Barrus  to  illustrate  the  method 
of  computation  : — 

Results  of  the  test  of  a  jacketed  compound  fly-wheel  engine.  Jacket- 
water  returned  to  the  boiler  by  gravity.  Jet-condenser  with  air-pump, 
operated  by  main  engine.  Feed-pump  driven  by  main  engine  supplied 
with  water  from  the  hot-well,  which  receives  the  drip  from  the  intermediate 
receiver.    There  are  no  heaters. 

Boiler  pressure  by  gauge    .         .        .        .        .     100  lb. 
Capacity  of  pump  displacement  one  stroke  (V)    .     12*5  cub.  feet 
Number  of  strokes  during  trial  (N)     .        .        .1 40,000 
Pressure  by  gauge  on  force  main        .        .        .80  lb. 
Vacuum  by  gauge  on  suction  main     .        .        .4*8  inches 
Vertical  distance  between  gauges  (j)    .        .        .10  feet 
Temperature  of  water  in  pump  well    .  .60  degrees 

Leakage  of  pump  determined  by  trial  at  rest  (L).     546,000  lb. 
Kind  of  pump  diagram       ....  Rectangular  (or  C  =  unity) 
Weight  of  water  supplied  by  feed-pump      .        .     188,000  lb. 
„  „  from  jackets        .        .     9000  lb. 

Temperature  of  main  feed-water    .        .                 .100  degrees 
„  jacket  water 290      „ 

Percentage  of  moisture  in  steam    .        .        .        •    2*5       ,, 
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Additional  Data  hosed  on  the  Above. 

Weight  of  I  cubic  foot  of  water  at  60°  {w)  .        .62*4  lb. 
Head  corresponding  to  pressure  in  force  main 

[80  X  144], H 184-6  feet 

62*4 

Head  corresponding  to  vacuum  in  suction  main 

[4-8  X  1*13]  =  A 5*4  feet 

Total  heat  of  i  lb.  of  dry  steam  at  100  lb.  gauge 

pressure  reckoned  from  o^  Fahr.    .        .        .     1216-5  th.  un. 
Total  heat  of  i  lb.  of  steam  at  100  lb.  gauge 

pressure  containing  2*5  per  cent,  moisture    .     1194*6     t, 
Total  heat  of   i  lb.  of  steam  at  100  lb.  gauge 

pressure  containing  2^  per  cent,  of  moisture 

reckoned  from  temperature  of  main  feed-water 

(100°  Fahr.) 1094-6     ,, 

Total  heat  of  i  lb.  of  steam  at  100  lb.  gauge 

pressure  containing  2^  per  cent,  of  moisture 

reckoned  from  temperature  of  jacket  water 

(290^  Fahr.) 902*2     „ 

Heat  consumed  by  engine,  188,000x1094*6  + 

9000XQ02-2 =  213,904,600  th.un. 

Applying  these  quantities  in  accordance  with  the  duty  formula,  then,  the 
duty  is  =* 

/N  Y        w  I.     \     (   n        h      s\ 

\(i40,ooox  12*5  X  62-4")  -  546,000/  X  Vi84*6  +  5*4  4-io/ X  1,000.000 

213,904,600 

21,730,800,000X1,000,000         ,_       ^CQ   C^^4,  A 

=  — !iJLJ —^ \ —  B  101,503,268  foot-pounds. 

213,904,600  ^^^  ^ 

The  efficiency  of  the  mechanism  of  the  engine  should  also  be  determined 

and  stated — that  is,  the  proportion  which  the  work  done  upon  the  water 

bears  to  the  work  done  in  the  steam  cylinders.    This  efficiency  may  be 

expressed  by  the  formula : 

Efficiency=^^^"'N-IJx[Hxh]^ 

in  which  the  numerator  is  the  expression  used  in  the  formula  for  duty,  and 
the  denominator  is  the  number  of  foot-pounds  of  work  done  during  the 
trial,  measured  from  the  indicator  cards  taken  from  the  steam  cylinders. 
This  last  may  be  determined  by  multiplying  the  indicated  horse-power  by 
1,980,000  and  the  product  by  the  number  of  hours  duration  of  the  trial. 


FLOW   OF    STEAM   THROUGH    PIPES   AND   THERMAL 

EFFICIENCY  OF  ENGINES. 

Flow  of  Steam  throiigh  Pipon. — Steam  in  passing  through  a  pipe 
becomes  reduced  in  pressure,  and  the  drop  in  pressure,  or  the  difference 
between  the  pressure  of  the  steam  on  entering,  and  its  pressure  on  leaving, 
the  pipe,  may  be  determined  approximately  by  the  following  rule  : — 

Let  Q  =  the  quantity  of  steam  in  cubic  feet  per  minute  discharged  by  a 
well-clothed  pipe. 


FLOW  OF  STEAM  THROUGH  A  PIPE. 


H5 


\V  SB  the  weight  in  pounds  of  one  cubic  foot  of  the  steam  on  entering 

the  pipe. 
L  =  the  length  of  the  pipe  in  feet  =  loo  feet. 
D  =  the  internal  diameter  of  the  pipe  in  inches. 
C  =  a  constant  =  3600. 
The  drop  in  pressure  of  the  steam  in  flowing  through  the  pipe  Is, 

Qg  X  W  X  L 

3600  X  D^ 


Table  58. — Flow  of  Steam  in  Pounds  per  Minute  through  a  Pipe  too 
Feet  in  Length,  with  a  Loss  of  Pressure  of  One  Pound. 


Initial  Pres- 

Internal  Diameter  of  the  Pipe  In  Inches. 

sure  01  iuc 

Steam  by  the 

_i 

H 

z\ 

Steam-Gauge 

I 

«* 

9 

3 

in  Pounds 

per  Sauare 

Incli. 

Quantity  of  Steam  in  Pounds  per  Minute  discharged  by  a  Pipe,  i<x 
Length,  with  a  Loss  of  Pressure  of  One  Pound. 

)  Feet  In 

I 

•90 

3"07 

623 

10-3 

• 
18-5 

28-1 

2 

•92 

316 

6-42 

io'6 

19-0 

28-9 

3 

•95 

325 

6'6o 

IO-8 

19-5 

29-7 

4 

•97 

334 

677 

ii'i 

20-0 

305 

5 

I '00 

342 

6-94 

11-4 

20-5 

31*3 

6 

1*02 

350 

7*10 

117 

2 10 

320 

7 

1-05 

358 

7*26 

12-0 

21*5 

327 

8 

1*07 

366 

7-42 

I2'2 

22-0 

33'4 

9 

I '09 

373 

7-57 

12-5 

22*4 

3^'i 

10 

I'll 

380 

771 

12-7 

22-9 

34-8 

12 

1-15 

3'95 

8-00 

132 

237 

360 

15 

1*21 

415 

8-41 

i3'8 

249 

37-9 

20 

130 

4-46 

9-05 

149 

268 

40-8 

25 

1-39 

475 

964 

159 

28-6 

43*4 

30 

1*47 

5-02 

I0-20 

i6-8 

302 

45*9 

40 

i-6i 

5-52 

11*20 

18-4 

33'2 

50-5 

50 

175 

5-98 

1210 

19-9 

35-9 

54*6 

60 

1-87 

639 

1300 

21-3 

38-4 

584 

70 

1-98 

678 

1380 

22-6 

407 

620 

80 

2*09 

7-15 

14*50 

23*9 

429 

65-3 

90 

2*19 

7'49 

15*20 

25-0 

450 

684 

100 

2-28 

7-82 

15-90 

26-1 

47'0 

71-4 

120 

2*46 

8-43 

17-10 

281 

50-6 

770 

150 

271 

9-26 

i8-8o 

30-9 

55-6 

84-6 

Example :  A  pipe  of  6  inches  diameter  and  100  feet  in  length  discharges 
3000  cubic  feet  of  steam  per  minute ;  the  pressure  of  the  steam  on  entering 
the  pipe  is  100  lbs.  per  square  inch.  What  is  the  drop  in  pressure  of  the 
steam  in  passing  between  the  two  ends  of  the  pipe  ? 
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Then,  the  weight  of  a  cubic  foot  of  steam  of  100  +  15  =  115  lbs.  per 

square  inch  absolute  pressure  is,  from  table  79,  page  249,  =  '2640  lbs.,  and 

3000  X  3000  cubic  feet  x  '264  x   100  feet       q-c  tko 

3600  X  (6x6x6x6x6  inches  diameter)  ™      ^       '* 

the  drop  in  pressure  of  the  steam  in  passing  between  the  two  ends  of  this 

pipe. 

Numerous  experiments  have  been  made  on  the  flow  of  steam  through 
pipes,  but  their  results  vary  very  greatly. 

The  flow  of  steam  tnrough  pipes  may,  however,  be  estimated  approxi- 
mately by  means  of  tables  58—61  from  "  The  Locomotive,"  which  repre- 
sent the  results  of  several  experiments.  The  tables  only  apply,. within  the 
ordinary  limits  and  conditions  of  practice,  to  well-clothed  steam-pipes,  in 
which  there  is  very  little  condensation. 

Table  58  continued, — Flow  op  Steam  in  Pounds  per  Minute  through  a 
Pipe  100  Feet  in  Length,  with  a  Loss  of  Pressure  of  One  Pound. 


Initial  Pres. 

sure  of  the 

Steam  by  the 

Steam-Gaoge 

In  Pounds 

per  Square 

Incn. 


Internal  Diameter  of  the  Pipe  in  Inches. 


I 
2 

3 

4 

5 
6 

7 
8 

9 
10 

12 

15 

20 

25 

30 
40 

50 

60 

70 

80 

90 

100 

120 

150 


8 


10 


Z2 


Quantity  of  Steam  in  Pounds  per  Minute  discharged  by  a  Pipe,  zoo  Feet  in 
Length,  with  a  Loss  of  Pressure  of  One  Found. 


397 
40-9 
42-0 

431 
442 

45*'2 

46-3 

47'3 
48-2 

492 

51-0 

53*6 

577 
61*4 

64-9 

71-4 

77*3 
826 

87-6 

92-4 

96-8 

loro 

1090 

1200 


73*4 
756 

777 

797 
817 
836 

^" 
87-3 
89- 1 

90-9 

943 

99-1 

io7'o 

114*0 

I20*0 

1320 

i43'o 

1530 
1620 

171-0 

179-0 
187-0 

20 1 -Q 

221'0 

120 
124 

128 


251 
259 
266 


131 

273 

134 

280 

'37 

286 

140 

293 

143 

299 

146 

305 

149 

3" 

155 

322 

163 

339 

175 

365 

187 

388 

197 

411 

217 

451 

235 

488 

251 

522 

266 

554 

280 

584 

294 

612 

307 

^§9 

331 

689 

363 

757 

FLOW  OF  STEAM  THROUGH  A   PIPE. 
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Table  59.- 

—Factors  for  Correcting  thi 

I  Preceding  Table 

It 

Length 

Drop  in  Pressure  (Pounds  per  Square  Inch). 

01  ripe,  in 

Feet. 

X 

2'24 

i 

3 

4 

4*47 

5 

6 
5-48 

7 

8 

9 
671 

10 

20 

316 

3-87 

5-00 

592 

6-32 

7-07 

25 

2'00 

2-83 

346 

4*oo 

4'47 

4-90 

5-29 

5*66 

6*oo 

632 

30 

183 

2-58 

316 

3*65 

4-08 

4*47 

4-83 

5*i6 

5-48 

577 

35 

1-69 

«*39 

2*93 

3-38 

378 

414 

4*47 

478 

5-07 

5*35 

40 

158 

2*24 

274 

316 

3*54 

387 

4-18 

4-47 

474 

5*oo 

45 

1-49 

2'II 

2-58 

2-98 

333 

365 

3*94 

4'22 

4'47 

471 

50 

1-41 

2'00 

2-45 

2-83 

3-16 

346 

374 

4*oo 

424 

4'47 

55 

i'35 

I'OI 
1-83 

233 

270 

3-01 

330 

3'57 

381 

4-04 

4*26 

60 

1*29 

2*24 

2-58 

2-89 

316 

342 

3-^5 

3-87 

4-08 

65 

1*24 

175 

215 

2-48 

277 

3'04 

3-28 

3'5! 

372 

392 

70 

I*20 

1*69 

2-07 

239 

2-67 

293 

3-16 

338 

3*59 

378 

75 

i*i6 

163 

2'00 

2-31 

2-58 

2-83 

3-06 

3*27 

3'47 

3-66 

80 

I'I2 

1-58 

1-94 

224 

2-50 

274 

296 

316 

335 

354 

85 

I -08 

1-53 

1-88 

2*17 

243 

2-66 

2-87 

3*07 

325 

3*43 

90 

1*05 

1-49 

1-83 

2*[I 

2-36 

2-58 

279 

2-98 

3-16 

3*33 

95 

1*02 

145 

178 

2-05 

230 

2-51 

272 

2-90 

3-08 

324 

100 

I'OO 

1-41 

173 

2'00 

224 

2'45 

2*65 

2-83 

3-00 

3-16 

no 

•95 

i'35 

1-65 

1*91 

213 

234 

2-52 

270 

2-86 

301 

120 

•91 

1-29 

1-58 

183 

2-04 

2-24 

2'42 

258 

274 

2-89 

130 

•88 

124 

152 

175 

1*96 

2-15 

232 

2-48 

263 

277 

140 

'^5 

ri9 

1-46 

1*69 

189 

2*07 

224 

2*39 

2*54 

2*67 

150 

•82 

ri5 

1-41 

1-63 

1-83 

2-00 

2*l6 

2-31 

2-45 

2-58 

160 

79 

1*12 

i'37 

1-58 

177 

194 

2*09 

224 

2*37 

2*50 

170 

77 

rc8 

1*33 

153 

172 

1-88 

2-03 

2-17 

230 

243 

180 

75 

ro5 

1-29 

I'49 

i'67 

1-83 

1-97 

211 

2*24 

236 

190 

73 

I  02 

1-25 

i'45 

1*62 

178 

192 

2*05 

2-i8 

230 

200 

71 

I'OO 

I'22 

1-41 

1-58 

173 

1-87 

2  00 

212 

2'24 

225 

•67 

•94 

ri6 

1*33 

1-49 

164 

177 

1-89 

2-OI 

2'12 

250 

•63 

•89 

I'lO 

1-26 

1-41 

i'55 

1*67 

179 

I '90 

2-00 

275 

•60 

•8s 

I  04 

I'20 

i'35 

1-48 

I '60 

171 

i-8i 

1*91 

300 

•58 

•82 

I'OO 

115 

1-29 

1-41 

i'53 

1-63 

173 

1-83 

325 

•55 

79 

•96 

III 

1*24 

1-36 

i'47 

1-57 

1-66 

176 

350 

•53 

76 

•93 

1*07 

I*20 

1-31 

1-41 

1-51 

I  "60 

1-69 

375 

•51 

73 

•90 

1-03 

i*i6 

126 

i'36 

146 

i'55 

163 

400 

•50 

71 

•87 

I'OO 

1*12 

1*22 

1-32 

1-41 

1*50 

1-58 

Effect  of  Slbowsy  Serawdown-ValTesy  and  Bends  on  the  Flow  of 
Steam. — ^The  flow  of  steam  is  reduced  by  the  loss  of  pressure  due  to  the 
frictional  resistance  of  the  steam  on  entering  the  pipe,  and  in  passing  through 
elbows,  screwdown-valves,  and  bends  in  the  pipes.  Allowance  may  be  made 
for  these  resistances  by  adding  an  equivalent  length  of  straight  pipe,  of  the 
same  diameter,  to  the  actaal  length  of  the  pipe,  according  to  the  two 
following  tables : — 
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Table  60. — Lencth  of  Straight  PipeEquivalenttoElbows  and  Valves. 


l"Size" 
ipe. 

Inside 
leter. 

Length  of  Straight  Pipe  Equivalent  to  Elbows  and  Valves. 

According  to  Briggs. 

According  to  Carpenter. 

Nomina 
ofP 

Actual 
Dian: 

Inlet. 

Globe  Valve. 

Square 
Elbow. 

Globe  Valve. 

Square 
Elbow. 

Inches. 

Inches. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

I 

1-048 

5*2 

5'2 

3-5 

14 

10 

i| 

I  610 

8-0 

8-0 

5*4 

29 

22 

2 

2-067 

10-3 

10-3 

^■9 

44 

33 

2^ 

*2 

2-468 

12-3 

123 

8-2 

59 

44 

3, 

3-067 

15-3 

15*3 

IO'2 

83 

61 

3i 

3-548 

177 

177 

II-8 

104 

1^ 

4 

4-026 

20-1 

20'I 

134 

125 

9? 

5 

5-045 

25*2 

25*2 

16-8 

173 

128 

6 

6-065 

303 

303 

20*2 

224 

165 

8 

7-982 

39*9 

399 

26-6 

324 

238 

10 

10-019 

50-0 

500 

333 

434 

319 

12 

i2-i8o 

60*9 

60- 9 

406 

553 

407 

The  frictional  resistance  of  a  bend  is  considerably  less  than  that  of  an 
elbow,  as  will  be  seen  from  the  following  table : — 

Table  61. — Length  of  Straight  Pipe  Equivalent  to  a  Bend  of  a  Radius 

=  THE  Diameter  of  the  Pipe. 


Internal  Diameter 
of  the  Pipe. 

Length  of  Straight  Pine 
Equivalent  to  a  Bend. 

Internal  Diameter 
of  the  Pipe. 

Length  of  Straight  Pipe 
Equivalent  to  a  Bend. 

Inches. 

I 

li 
2 

2i 

3 

33 

Feet. 

\ 
f 
I 

'i 
2 

^\ 

1 

Inches. 
4 

(3 

8 

10 
12 

Feet. 

3 
4 

5 

6 

9 
II 

The  use  of  these  tables  may  be  illustrated  by  the  following  examples : — 
Example  of  the  discharge  of  steam  by  a  pipe :  What  quantity  of  steam 
of  90  lbs.  pressure  will  flow  through  a  pipe  2  inches  diameter  and  90  feet  long 
when  the  drop  in  the  pressure  between  the  two  ends  of  the  pipe  is  5  lbs.  ? 

Then  it  will  be  seen  from  Table  58  that  a  pipe  of  2  inches  diameter  and 
loo  feet  in  length  will  discharge  15*2  lbs.  of  steam  per  minute  with  a 
drop  of  I  lb.  But  as  the  length  of  pipe  is  90  feet  instead  of  100  feet,  and 
the  drop  in  the  pressure  is  5  lbs.  instead  of  i  lb.,  the  quantity  of  steam  must 
be  multiplied  by  the  factor  under  the  heading  of  5  lbs.,  and  opposite  the 
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length  90 feet  in  Table  59,  which  is  2*36.  Then  i5'2  lbs.  x  2-36  =  35*872  lbs., 
the  quantity  of  steam  discharged  per  minute  by  this  pipe. 

Example  of  the  drop  of  the  pressure  of  steam  in  a  pipe:  A  pipe  of 
2  inches  internal  diameter  and  90  feet  long  is  found  to  discharge  4 4' 3  lbs. 
of  steam  per  minute,  when  the  pressure  of  the  steam  in  the  boiler  is  85  lbs. 
per  square  inch  by  the  steam-gauge.  What  is  the  drop  in  pressure  between 
Ihe  two  ends  of  the  steam-pipe  ? 

Then  it  will  be  seen  from  Table  58  that  a  pipe  of  2  inches  diameter  will 
discharge  14*5  lbs.  of  steam  per  minute,  with  an  initial  pressure  of  80  lbs. 
per  square  inch,  and  15*2  lbs.  of  steam  per  minute,  with  an  initial  pressure 
of  90  lbs.  per  square  inch,  the  mean  of  the  two  being  (14*5  +  15*2) 
-f-  2  =  I4'8  lbs.  Therefore,  a  pipe  2  inches  internal  diameter  and 
100  feet  long,  with  a  drop  of  i  lb.  in  pressure,  will  discharge  14*8  lbs. 
of  steam  per  minute,  with  an  initial  pressure  of  85  lbs.  per  square  inch. 
The  given  discharge,  44*3  lbs.  of  steam  per  minute,  -r  14*8  lbs.  of  steam 
per  minute  =  2*99.  Then,  on  the  line  opposite  90  feet  length  of  pipe  in 
Table  59  is  2*98,  which  is  the  nearest  number  to  2*99,  and  at  the  top  of 
the  column  is  8  lbs.,  the  drop  in  pressure  between  the  two  ends  of  the 
steam-pipe. 

Example  of  the  length  of  straight  pipe  equivalent  to  elbows  and  valves  : 
A  pipe,  4  inches  diameter  and  150  feet  long,  has  three  elbows  and  one 
screw-down  globe  valve  or  stop-valve.  To  what  length  of  straight  pipe  of 
the  same  diameter  are  the  elbows  and  valve  equivalent  ? 

Then  it  will  be  seen  from  Table  60  that  one  elbow  of  a  pipe  of  4  inches 
diameter  is  equivalent  to  a  length  of  13  feet  4  inches  of  straight  pipe,  according 
to  Briggs,  and  three  elbows  are  equivalent  to  13  feet  4  inches  x  3  =  40  feet 
2  inches  in  length  of  straight  pipe.  One  globe  valve  is  equivalent  to 
20  feet  I  inch  of  straight  pipe ;  and  the  resistance  at  the  inlet  is  also 
equivalent  to  20  feet  i  inch  of  straight  pipe.  The  total  allowance  to  be 
made  for  the  three  elbows,  the  globe  valve,  and  the  resistance  at  the  inlet 
is  therefore  =  40*2  feet  +  20  feet  i  inch  +  20  feet  i  inch  =  80  feet 
4  inches,  or  say  80  feet.  This  pipe  is  therefore  to  be  considered  as  a 
straight  pipe  of  150  feet  +  80  feet  =230  feet  in  length,  in  calculating  the 
flow  of  steam  through  the  pipe. 

Two  pipes  of  different  diameter,  with  the  same  velocity  of  the  flow  of 
steam  through  them,  will  deliver  as  the  squares  of  their  diameters,  or  in  the 
ratio  =  large  diameter^  -5-  small  diameter^. 

Thermal  Efficiency  and  Steam-consninption  of  a  perfect  Steam- 
Engine. — Any  steam-engine  may  be  considered  perfect  that  transforms 
into  work  all  the  heat  absorbed  within  the  range  of  working  temperature. 
As  the  exhaust  steam  contains  a  large  quantity  of  heat,  the  efficiency  of  a 
perfect  steam-engine  cannot  be  high. 

The  theoretical  efficiency  of  an  engine  is  a  standard  which  the  economy 
of  no  engine  can  exceed.  It  can  be  readily  obtained  from  the 
temperature  of  the  ingoing  and  outgoing  steam;  and  in  every  case  it  is 
equal  to  the  difference  of  the  temperature  of  the  entering  steam  and  of  the 
exhaust  steam,  divided  by  the  absolute  temperature  of  the  entering  steam. 
Hence,  the  efficiency  is  independent  of  the  form  or  class  of  the  engine,  and 
it  is  dependent  only  on  the  temperature  of  the  entering  steam  and  of  the 
exhaust  steam. 

For  instance,  the  temperature  of  steam  of  100  lbs.  per  square  inch 
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absolute  pressure  is  =  327*6°  Fahr.,  and  its  absolute  temperature  is 
=  327-6°  +  460°  =  787*6°  Fahr.  If  exhausted  at  atmospheric  pressure, 
its  temperature  is  212°  Fahr.;  if  exhausted  at  5  lbs.  per  square  inch 
absolute  pressure,  or  at  about  10  lbs.  below  that  of  the  atmosphere, 
its  temperature  is  162*3°  Fahr.  The  efficiency  in  the  first  case  is 
=  327-6  —  212  =  115*6  -^  78716  =  14-7  per  cent. 

Any  engine  which  realises  in  practice  an  efficiency  equal  to  the  thermo- 
dynamic is  termed  a  perfect  engine.  In  such  an  engine  the  loss  of  heat  is  not 
due  to  any  imperfection  of  the  engine,  but  to  natural  limitations  which  govern 
the  use  of  the  working  fluid  employed. 

The  results  which  might  be  obtained  with  a  perfect  steam-engine  depend 
only  on  the  pressure  of  the  entering  steam  and  of  the  exhaust  steam, 
and  are  exhibited  in  the  following  table*  for  two  cases — first,  with  the  engine 
exhausting  into  the  air,  as  a  non-condensing  engine;  secondly,  as  exhausting 
into  a  condenser,  in  which  a  vacuum  of  such  an  amount  is  maintained  as  to 
leave  a  back-pressure  on  the  engine  of  5  lbs.  per  square  inch  absolute. 

Table  62. — ^Weight  of  Dry  Steam  in  Pounds,  and  Thermal  Units  per 
Indicated  Horse-Power,  Required  by  a  Perfect  Engine  as  defined 

ABOVE. 


Absolute 
Pressure  of 
the  Steam 
in  Poands 
per  Square 
Incn. 

Tempera- 
ture of  the 
Steam  in 
Degrees 
Fahr. 

Back  Pressure  147  lbs.  per  Square 
Inch.    Temperature  aia"  Fahr. 

Back  Pressure  5  lbs.  per  Square 
Inch.    Temperature  162'^  Fahr. 

Thermal 
Efficiency 
per  Cent- 

Thermal 
Units  per 
Ind  cated 

Horse- 
Power  per 

Minute. 

Dry  Steam 

Indicated 
Horse- 
Power  per 
Hour  in 
Pounds. 

Thermal 
Efficiency 
per  Cent. 

Thermal 
Units  per 
Indicated 

Horse- 
Power  per 

Minute. 

Dry  Steam 

Indicated 
Horse- 
Power  per 
Hour  in 
Pounds. 

25 

30 
40 

50 
60 

70 

75 
80 

90 

100 

125 

150 

175 

2<X) 

2400 
250-3 
267-1 
280*9 
292-5 
302-7 

307*4 
311-8 

320-0 

3276 

344  I 
358-2 
370-6 

3817 

260 
5*35 

7SS 

9*20 

10-55 

1 1 -So 
12-40 
1295 

13-85 
1470 
16*40 

17-85 

19*10 

20-20 

1620 
740 
560 
465 
400 

364 
340 

328 
306 

288 

259 

240 

221 

208 

100*05 
48-80 
34-20 
28*00 
24*00 
21-80 
20*60 
19*70 
18-30 
17-30 
15*50 
14*10 
13-00 
12*40 

10-90 

12*40 

1470 

1595 
17-25 

1840 

18*90 

19-50 

20-50 

21*10 

22-70 

24*00 

25-10 

2620 

388 

340 
287 
266 

245 
230 

224 

217 
206 

200 

187 
177 
169 
162 

22*8o 
2000 
16-80 
15-40 
14-20 
13-20 
12-85 
12-50 
11*85 
11-50 
10*70 
9-90 

995 

9*20 

The  above  table  shows  that  in  both  cases  the  economy  increases  with  the 
pressure  of  the  steam. 

•  See  an  article  on  "  Economy  of  a  Non- Condensing  Compound  Engine/*  by 
Professor  R.  C.  Carpenter,  in  Gassier* s  Magazine,  from  which  the  above  is  extracted. 
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The  quantities  in  the  above  table  were  calculated  by  the  following 
formulae : — 

Let  A  =  the  total  heat  supplied. 

B  =  the  sensible  heat  at  back-pressure. 

T  s  the  absolute  temperature  of  the  entering  steam. 

T^  s  the  absolute  temperature  of  the  discharge  steam. 

Then,  /  =  the  thermal  efficiency  «  (T  -  Tj)  -5-  T. 

The  thermal  units  per  indicated  horse-power  per  minute  =»  42*42  -f  A 

The  quantity  of  dry  steam  per  indicated-horse-power  per  hour  « 
25-45   -J-  /(A-B). 

The  table  shows  that  the  efficiency  of  the  non-condensing  engine  with  a 
2ow  pressure  of  steam  is  very  small,  being  at  aa  absolute  pressure  of  25  lbs. 
per  square  inch,  or  about  10  lbs.  per  square  inch  pressure  above  the  atmo- 
sphere, only  2*6  per  cent.,  but  it  rises  to  over  20  per  cent,  at  200  lbs.  per 
square  inch  absolute  pressure.  The  condensing  engine  is  comparatively 
much  better  at  low  pressures,  but  the  gain  due  to  the  use  of  the  condenser 
is  less  at  higher  pressures 
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The  nominal  horse-power  of  a  steam-bDiler  is  frequently  measured  b> 
the  evaporation  of  one  cubic  foot  of  water,  or  62*4  lbs.,  to  steam  per  hour ; 
but  a  better  standard  for  the  nominal  horse-power  of  a  modern  steam-boiler 
is  35  lbs.  of  wat3r  evaporated  as  from  and  at  212°  Fahr. 

The  actual  horse- power  of  a  steam-boiler  may  be  conveniently  expressed 
as  the  quantity  of  steam  usually  consumed  by  each  different  type  of  steam- 
engine,  plus  a  margin  of  at  least  50  per  cent,  to  ensure  the  provision  of 
ample  boiler-power. 

All  the  good  types  of  boilers  in  general  use  evaporate  nearly  the  ^^me 
quantity  of  water  with  the  same  quantity  and  quality  of  coal  under  the  same 
conditions,  but  the  quantity  of  steam  consumed  by  the  different  types  of 
steam-engines  varies  considerably.  The  horse-power  of  a  boiler  is  there- 
fore inseparably  connected  with  the  economical  working  of  the  engine  to 
which  it  supplies  steam. 

The  steam  consumption  of  engines  using  saturated  steam  is  increased  by 
from  12  to  60  per  cent,  by  the  loss  produced  by  initial  condensation  in  the 
cylinders. 

The  consumption  of  steam  by  the  best  engines  of  different  types,  both 
with  saturated  steam  and  superheated  steam,  is  frequently  as  given  in 
Table  63. 

The  steam  consumption  of  the  pulsometers  and  injectors  was  determined 
by  dividing  ihe  foot-pounds  of  work  done  per  lb.  of  steam  by  a  good  pumping 
engine,  by  the  foot-pounds  of  work  done  per  lb.  of  steam  by  the  pulsometers 
and  injectors  under  similar  conditions,  and  multiplying  the  quotient  by  the 
steam  consumption  per  indicated  horse-power  of  the  pumping  engine. 

It  will  be  seen  that  the  steam  consumption  of  double-expansion  engines, 
using  steam  of  130  lbs.  per  square-inch  pressure,  is  very  little  more  than 
that  of  triple-expansion  engines  using  steam  of  160  lbs.  per  square-inch 
pressure. 
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fable  63. — Steam-consuhption  per  Indicated  Horse-Power  per  Hour 

OF  Steam-Engines. 


Description  of  Steam-Enginr. 


Large  high-class  pumping 
engines  for  waterworks 

Double  -  expansion  conden- 
sing Corliss  engines . 

Double  -  expansion  conden- 
sing Corliss  engines     .     . 

Double  -  expansion  conden- 
sing engines,  ordinary 

Double  -  expansion  conden- 
sing engines,  ordinary  .     . 

Double  -  expansion  conden- 
sing engines,  ordinary 

Triple-expansion  condensing 
engines         •        .         .     . 

Triple-expansion  condensing 
engines    •        .        •        . 

Quadruple  -  expansion  con- 
densing engines   .        •     . 

Quadruple  -  expansion  con- 
densing engines 

Parsons'  steam-turbines   .     . 

Simple  condensing  engines  . 

Double-expansion  non-con- 
densing engines   .        .    . 

Simple  single-expansion  non- 
condensing  engines  . 

Small  simple  single-expansion 
non-condensing  engines    . 

Steam-pumps,  compound 

Steam-pumps,  simple  . 

Steam-pumps,  small,  simple  . 

Pulsometers     .         .        .     . 

Injectors  for  feeding  steam- 
boilers      .... 


Initial 
Pressure 

of  the 

Steam  in 

Pounds 

per 
Square 

Inch. 


160 

165 

140 

iCo 

130 

90 

160 

220 

180 
140 
100 

120 

80 

60 

100 

60 

50 
60 

60 


Steam-consamption  of  the  Engine  in  Pounds 
per  Indicated-Horse- Power  per  Hour. 


With  Saturated 
Sieam. 

Minimum. 

Average. 

10^ 

13 

lOi 

* 

•  15 

Hi 

16 

12 

17 

14 

18 

16 

20 

io.i 

15 

"i 

16 

10 

14 

II 

15 

14 
18 

20 
25 

21 

28 

23 

35 

CJO 

40 

50 
80 

120 

90 
130 
200 

350 

500 

600 

850 

With  Superheated 
Steam. 


Minimum. 


Average. 


8 
8 
8J 

9 
10 

12 

8i 

9 
8 

85 
10 

13 
14 
16 

20 

35 
60 

90 


10 
10 
II 
12 

13 

15 
II 

12 

II 

12 

14 
16 

16 

19 

30 

65 
90 

150 


For  the  steam  consumption  of  various  turbines,  sec  pnges  428,  430,  433,  434,  437.  439, 
440,  442. 
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Dry  steam  is  absolutely  indispensable  to  the  attainment  of  economy  in 
the  working  of  an  engine,  and  it  can  only  be  obtained  by  applying  heat 
tOy  or  by  superheating,  the  steam  when  in  a  state  of  saturation  after  it 
leaves  the  boiler.  The  initial  temperature  of  the  steam  may  be  raised  by 
superheating  to  such  a  degree  that  its  temperature  is  only  reduced  to  that 
of  saturated  steam  after  expanding  in  the  cylinder. 

A  considerable  saving  may  be  effected  by  the  expenditure  of  a  small 
quantity  of  heat  in  drying  steam,  but  the  highest  economy  can  only  be 
obtained  by  raising  the  temperature  of  the  steam  by  superheating  to  about 
700'  Fahr.  At  this  temperature  copper  alloys  are  destroyed;  therefore, 
piston-rings  and  glands  of  gun-metal  cannot  be  used  with  highly  super- 
heated steam,  and  it  is  necessary  to  use  cast-iron  or  other  metals  with  high 
melting-points. 

Saturated  steam  is  increased  in  volume  by  superheating  according  to 
the  rules  on  pages  251  and  252.  The  economy  effected  by  the  use  of 
superheated  steam  in  engines  is  due  to  the  prevention  of  condensation  of 
steam  in  the  cylinders  and  to  the  increased  volume  of  the  steam. 

The  saving  in  the  consumption  of  steam  that  may,  under  favourable 
conditions,  be  effected  by  the  use  of  superheated  steam  is  approximately 
as  follows : — 

Saving  in  tlie 

consumption  of  steam 

by  engines,  pei  cent. 

Dried  or  slightly  superheated  steam    .        •        •        •    from  10  to  15 
Moderately  superheated  steam    .        •        •        •        •    from  20  to  30 

Highly  superheated  steam from  40  to  50 

The  economy  to  be  gained  by  superheating  is  not  confined  to  steam  of  a 
very  high  pressure :  it  applies  in  varying  degrees  to  steam  of  both  high  and 
low  pressure,  and  to  its  use  in  all  types  of  engines. 

In  a  general  way,  when  working  with  saturated  steam,  the  quantity  of  water 
used  per  indicated  horse-power  per  hour,  by  the  best  condensing  engines  is 
about  17  lbs.;  the  best  non-condensing  engines  use  about  one-ihlrd  more 
than  that,  or  23  lbs.  Allowing  a  margin  of  50  per  cent,  for  engines  of 
inferior  economy,  the  quantity  becomes  23  lbs.  xi'5=34j  lbs.  On  this 
basis,  one  actual  horse-power  is  equal  to  the  evaporation  in  a  steam-boiler 
of  34^  lbs.  of  water  per  hour  from  and  at  212^  Fahr.  This  is  eaual  to 
30  lbs.  of  water  per  hour  from  feed-water  having  a  temperature  of  100  Fahr 
to  steam  having  a  pressure  of  70  lbs.  per  square  inch  above  the  atmosphere. 
The  actual  horse-power  of  boilers  using  steam  of  other  pressures  may  be 
calculated  by  means  of  Table  64,  which  gives  the  equivalent  evaporation 
from  feed- water  of  100°  Fahr.  to  steam  of  70  lbs.  pressure,  for  various 
pressures  of  steam. 

Example  of  the  use  of  Table  64 :  A  boiler  evaporates  24000  lbs.  of 
water  in  one  hour  from  feed-water  at  70°  Fahr,  to  steam  of  80  lbs.  pressure, 
per  square  inch,  What  is  the  equivalent  evaporation  from  feed- water  at 
100®  Fahr.  to  steam  of  70  lbs.  pressure  per  square  inch  ?  Then  on  a  line 
with  temperature  70  in  the  first  column,  is,  under  the  column  headed  80  lbs. 
pressure,  the  figures  1*029,  which  multiplied  by  24000=2469*6  the  equiva- 
lent evaporation  from  water  at  ioo°  to  steam  of  70  lbs.  pressure  per  square 
inch,  and  2469*6  -=-  30  lbs.  evaporation  =  82*3  horse-power. 
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HORSE-POWER  OF  STEAM-BOILERS.  1 55 

The  horse-power  of  a  water-tube  boiler  is  frequently  determined  by  its 
nominal  capacity,  based  on  a  certain  number  of  square  feet  of  heating- 
surface  per  indicated  horse-power  of  the  engine  to  which  it  supplies  steam, 
and  the  capacity  varies  with  the  economy  of  the  engine. 

The  results  of  numerous  tests  of  water-tube  boilers  show  that,  with  natural 
draught,  the  number  of  square  feet  of  heating-surface  required  to  supply 
steam  to  different  types  of  engines,  estimated  per  indicated  horse-power  of 
the  engines,  is  frequently  as  follows  :— 

Number  of  iquare  feet  of 

heatinf^-sorfaoe  required 

per  indicated  horse-power 

of  the  engine. 

Water-tube  boilers  for  triple-expansion  engines  with 

vertically  inclined  tubes  of  i  inch  diameter    •        •  from  3^  to   4 
Ditto    ditto    ditto    with  tubes  of  li  inches  diameter  from   4   to   4i 
Ditto    ditto    ditto    with  tubes  of  li  inches  diameter  from   4ito   5 
Ditto    ditto    ditto    with  tubes  of  2    inches  diameter  from   si  to   6 
Ditto    ditto    ditto    with  tubes  of  2}  inches  diameter  from   6   to   6\ 
Ditto    ditto    ditto    with  tubes  of  3    inches  diameter  from   6i  to   7 
Ditto    ditto    ditto    with  tubes  of  3^  inches  diameter  from   7   to   y\ 
Ditto    ditto    ditto    with  tubes  of  4    inches  diameter  from  y\  to   8 
Stationary  water-tube  boilers  with  horizontally  inclined 

tubes  of  4  inches  diameter  for  Corliss  engines  •  •  from  7  to  8 
Ditto  ditto  ditto  for  triple-expansion  engines  •  from  8  to  9 
Ditto  ditto  ditto  for  double-expansion  engines  .  from  9  to  10 
Ditto  ditto  ditto  for  non-condensing  engines  .from  12  to  14 
Ditto  ditto  ditto  for  steam-pumps,  large  .  .  from  20  to  30 
Ditto  ditto  ditto  for  steam-pumps,  small  .  .  from  40  to  80 
For  instance,  a  water-tube  boiler  having  tubes  of  li  inches  diameter,  and 

1 500  square  feet  of  heating-surface,  with  natural  draught,  is  suitable  for  an 

engine  of  =  1500  4-  5  =  300  indicated  horse-power. 

BOILER-PLATES    AND     RIVETED    JOINTS;     BGILER^SHELLS; 
FURNACE-TUBES;  STAYED- PLATES;  AND  SMOKE^TUBES. 

Arrangemaiit  of  Boilor-Flatas. — ^Externally-fired  boilers  have  the 
plates  arranged  so  that  the  laps  of  the  ring-seams  do  not  face  the  fire. 
Intemally-fired  boilers  have  parallel  belts  of  plates  arranged  with  alternately 
outer  and  inner  belts.  In  locomotive  boilers  there  are  three  belts  of  plates 
of  diminishing  diameter  arranged  telescopically:  the  first  belt  is  the  largest, 
and  it  is  lapped  inside  the  fire-box  shell ;  the  second  belt  is  lapped  inside 
the  first,  and  the  third  inside  the  second.  In  some  cases,  however,  the  belts 
of  plates  are  of  equal  diameter,  and  have  double-butt  riveted  joints. 

Strength  of  Boiler-Platas. — ^The  tensile  strength  of  ordinary  good 
wrought-iron  boiler-plates  is  2 1  tons  per  square  inch  along  the  grain,  and 
18  tons  per  square  inch  across  the  grain.  With  an  elongation  of  about  7  per 
cent.,  they  should  admit  of  being  bent  hot,  without  fracture,  along  the  grain 
to  an  angle  of  130®,  and  across  the  grain  to  an  angle  of  ioo°;  and  they 
should  bend  cold  without  fracture  to  the  following  angles : — Plates  -j^-inch 
thick  to  55?  lengthways  of  the  grain,  and  25°  across  the  grain ;  |  inch  to  70® 
lengthways,  and  35*^  across;  i^inch  to  80®  lengthways,  and  45°  across; 
J-inch  90®  lengthways,  and  55*^  across  the  grain.  The  tenacity  of  best 
Yorkshire  or  Lowmoor  iron  is  24  tons  along  the  grain  and  22  tons  across 
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the  grain ;  with  an   elongation  of  about  1 2  per  cent.,  these  plates  should 
admit  of  being  bent  double,  either  along  or  across  the  grain  when  red  hot. 

Soundness  of  Flatos. — In  order  to  ascertain  whether  plates  are 
internally  sound  and  free  from  blisters  and  laminations,  they  are  tested  in 
three  ways.  First,  the  plate  is  placed  on  edge  and  tapped  all  over  with  a 
light  hammer,  when  a  sharp  ringing  sound  indicates  a  sound  plate,  and  a 
dull  heavy  sound  indicates  the  presence  of  defects  or  laminations.  Second, 
the  plate  is  supported  horizontally  at  its  four  corners,  and  the  upper  surface 
is  covered. with  fine  sand:  on  tapping  the  plate  lightly  with  a  hammer,  if  the 
plate  be  sound  the  sand  will  be  thrown  off  by  the  vibration,  but  if  laminated 
the  sand  will  remain  stationary  on  the  defective  portions.  Third,  the  plate  is 
heated  to  redness  and  placed  aside  to  cool,  when  the  laminated  or  blistered 
portions  will  turn  black  while  the  sound  portions  retain  their  redness. 

Steel  Boiler  Plates  should  be  of  the  mildest  quality  of  steel,  contain- 
ing such  a  low  percentage  of  carbon  as  to  be  incapable  of  acquiring  any 
degree  of  temper  when  heated  and  suddenly  cooled.  Steel-plates  should  be 
worked  at  a  cherry-red  heat :  at  a  higher  temperature  the  plates  are  liable  to 
burn  and  become  brittle.  It  is  essential  in  working  steel-plates  hot,  to 
obtain  a  uniform  cherry-red  heat,  as  the  ductility  is  considerably  lessened 
if  they  are  worked  at  a  blue  heat;  hence  if  steel-plates  are  improperly 
worked  they  are  much  less  reliable  than  wrought-tron  plates. 

The  Tensile  Strength  of  Steel  Boiler-Plates  ranges  from  26  tons 
to  32  tons  per  square  inch,  with  an  elongation  of  from  22  to  30  per  cent. 
As  thick  plates  require  more  carbon  than  thin  ones,  to  enable  them  to 
stand  the  same  mechanical  tests,  the  thicker  the  plate  the  milder  the  steel, 
and  the  less  the  tenacity  should  be.  For  plates  over  f-inch  thick,  the 
tenacity  should  not  exceed  28  tons  per  square  inch,  otherwise  the  amount  of 
carbon  in  the  steel  may  admit  of  the  plates  acquiring  some  degree  of  temper 
when  heated  and  cooled,  and  cause  them  to  become  brittle. 

The  Sivet-Holes  of  Steel-Plates  should  be  drilled :  and  when  the 
plates  contain  a  high  proportion  of  carbon,  they  should  be  annealed  before 
being  bent,  in  a  plate-bending  machine,  by  heating  them  to  an  uniform  red 
heat  in  a  furnace,  after  which  the  fire  should  be  allowed  to  die  out,  and  the 
plates  should  remain  in  the  furnace  until  quite  cold. 

Hydraolic-SiTeted  Joints  are  much  stiffer  and  tighter  under  pressure 
than  hand-riveted  joints,  and  no  caulking  is  necessary  if  the  faces  of  the 
plates  are  clean  and  form  a  metal-to-metal  joint.  Visible  slip  does  not 
commence  in  hydraulic-riveted  joints  until  double  the  pressure  has  been 
applied  at  which  slip  commences  in  a  hand-riveted  joint. 

Siveted  Joints. — Mr.  Fairbairn  found  the  strength  of  riveted  joints 
compared  with  that  of  the  entire  plate  to  be  as  follows  : — 

Strength  of  entire  plate  .  =100 
Strength  of  double-riveted  joint  =  70 
Strength  of  single-riveted  joint  =    56 

Taking  the  strength  of  the  entire  wrought-iron  boiler-plate  at  21  tons  per 
square  inch  along  the  fibre,  the  breaking  strength  of  double-riveted  iron 
boilers,  with  seams  properly  breaking  joints,  =  21  x  '70  =z  147,  or  about 
14I  tons  per  square  inch,  and  of  single-riveted  boilers  =  21  x  '56  =  1176, 
or  I  if  tons  per  square  inch.  The  strength  of  the  plates  across  the  fibre  is 
about  1 5  per  cent,  less  than  the  above.    To  obtain  the  most  perfect  riveted 
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joint,  it  would  be  necessary  to  make  the  strength  of  the  net-section  of  the 
plates,  after  the  rivet-holes  are  made,  equal  to  the  shearing  strength  of  the 
rivets. 

Pgoportiomi  of  Biveted  Joints. — ^The  following  Table  of  steam-tight 
riveted  joints  gives  good  proportions  for  iron  plates,  iron  rivets,  and  lap 
joints,  for  pressure  up  to  loo  lbs.  per  square  inch,  and  200  lbs.  cold- 
water  test,  all  the  rivet-holes,  above  |  inch,  being  ^  inch  larger  than  the 
rivets. 

Table  6^, — ^Proportions  of  Riveted  Lap-Joints  for  Wrought-Iron 

Plates  and  Iron  Rivets. 


Thickness  of 
Plate 


Inches, 
s 

V 

6 

Te 

8 

2 

f 
I* 

8 
JL5. 

le 

I 


Diameter  of 
Rivet. 


Pitch  of  Rivets. 


Inches. 

! 

% 
& 
8 

}* 


8 


'.t 

If 


16 


Single^Riveted 
Joints. 


Double-Riveted 
Joints. 


Breadth  op  Lap. 


Single-Riveted 
Joints. 


Inches. 


4t 


Double-Riveted 
Joints. 


Inches 

2 


2 


2 


! 


\t 

si 

6 

6f 
7 


The  Percentage  of  Strength  of  the  Biveted  Joint  in  terms  of 
that  of  the  solid  plate  may  be  found  by  the  following  JiuU :  Subtract  the 
diameter  of  the  rivet-hole  from  the  pitch  of  the  rivets,  and  divide  the 
remainder  by  the  pitch  of  the  rivets. 

The  Percentage  of  Strength  of  the  Biveta  to  that  of  the  solid  plate 
may  be  found  by  the  following  Jiule :  Multiply  the  square  of  the  diameter 
of  the  rivet-hole  by  7854  and  by  the  number  of  rows  of  rivets,  and  divide 
by  the  product  of  the  pitch  of  the  rivets  by  the  thickness  of  the  plate. 

The  Percentage  of  Strength  of  the  Longitndinal  Seama  of  a 
boiler,  when  the  diameter  of  rivet  is  not  known,  may  be  estimated  approxi- 
mately by  the  following  formula,  the  rivets  being  in  single-shear. 
Let  /  =  the  thickness  of  plate  in  inches. 
p  =  the  pitch  of  the  rivets  in  inches. 
n  =  the  number  of  rows  of  rivets. 
S  =  percentage  of  strength  of  the  longitudinal  seams. 

220  X  / 


Then  S=88  - 


«/-h3/ 
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Example :  The  thickness  of  plate  of  a  boiler  is  f  inch,  the  pitch  of  the 
rivets  is  3  Jnches,  there  are  two  rows  of  rivets  in  single-shear :  what  is  the 
percentage  of  strength  of  the  longitudinal  seams,  the  diameter  of  the  rivets 
not  being  known  ? 

Then  88  -  ?Jg-^-:37j4!yhthickness^f  plate_    ^  ^  ^j^^      _ 
•  2  rows  X  3  mches  pitch  +  (3  x  '375)  '^ 

centage  of  strength  of  the  seam  as  compared  with  the  solid  plate. 

Sivet-Solas. — ^The  effect  of  punching  the  rivet-holes  for  riveted-joints 
is  to  weaken  the  metal  round  the  holes,  and  to  diminish  the  tensile  strength 
of  the  plates  to  the  extent  of  from  5  to  10  per  cent,  in  soft  wrought-iron 
plates,  and  from  20  to  25  percent,  in  hard  wrought-iron  plates.  The  tensile 
strength  of  steel  plates  is  diminished  to  the  extent  of  from  20 to  28  percent, 
by  punching  the  rivet-holes  for  the  joints  of  the  plates.  Thick  plates  are 
more  injured  by  punching  than  thin  ones. 

In  some  experiments  by  Fairbaim,  it  was  found  that  the  shearing  resist* 
ance  of  rivets  in  drilled  holes  was  rather  less  than  that  of  rivets  in  punched 
holes.  By  rounding  the  edges  of  the  holes  a  greater  shearing  resistance 
was  obtained  than  that  of  rivets  in  punched  holes.  The  strength  of  joints 
with  rivets  in  holes  formed  in  different  ways  was  as  follows : — 

Shearing  resistance  of 
civets  In  tons  per 
square  inch. 

Riveted  joint  with  rivets  in  rounded  holes        •        •        .    2i'5a 

Riveted  joint  with  rivets  in  punched  holes        •        •        .20*95 

Riveted  joint  with  rivets  in  drilled  holes   .        .        •        .    19*23 

The  strength  of  punched  plates  depends  greatly  upon  the  form  of  the 

punch,  and  the  amount  of  clearance  of,  or  the  size  of  hole  in,  the  die. 

Plates  may  be  so  much  injured  by  unskilful  punching  as  to  reduce  their 

tenacity  by  more  than  one-half. 

In  some  experiments  by  B.  Martell  on  riveted  joints,  the  breaking  stress 
was  as  follows : — 

Tons  per 
square  inch. 

Iron-plates,  with  punched  holes,  tore  in  line  of  rivet-holes  at  •  17*9 

Iron-rivets  in  steel-plates,  double  chain  riveted,  sheared  at        .  167 

Iron-rivets  in  steel-plates;  the  rivets  being  zigzag,  sheared  at     .  19*2 
Steel-plates,  with  punched  holes,  and  steel-rivets,  not  annealed, 

gave  way  by  tearing  the  plates  or  shearing  the  rivets  at .        .  22*5 

In  the  case  of  plates  above  '8  inch  in  thickness,  the  loss  of  strength  due 
to  punching  was  from  20  to  23  per  cent,  for  iron,  and  from  20  to  33  per 
cent,  for  steel.  The  lost  strength  was  restored  by  annealing.  Plates  punched 
with  a  spiral  punch  were  2\  tons  per  square  inch  stronger  &an  when  punched 
with  an  ordinary  plain  punch. 

In  some  experiments  by  B.  B.  Stoney  on  the  strength  of  riveted  joints, 
the  following  results  were  obtained : — 

Tons  per 
square  Inch. 

Crushing  resistance  of  bearing  surface  of  single  riveted  joint   .    30*00 
Shearing  strength  of  single  riveted  joint  with  drilled  holes       •    18-28 
Shearing  strength  of  single  riveted  joint  with  punched  holes     .     19*16 
The  mean  loss  of  tenacity  of  the  joints  of  drilled  plates  was  2  per  cent., 
and  of  punched  plates  11*45  per  cent. 


RIVETED-JOINTS  IN  SOFT  STEEL-PLATES.  IS9 

Biv«t6d-Joints  in  Soft  Bteel-FlatM. — Professor  Kennedy  in  a 
paper  read  before  the  Institution  of  Mechanical  Engineers,*  gave  the 
results  of  14  series  of  experiments  made  by  the  Research  Committee  of 
that  Institution,  on  the  strength  of  riveted  joints,  of  which  the  following  is 
an  abstract.  The  conclusions  given  below  all  refer  to  joints  made  in  soft 
steel-plate  with  steel-rivets,  the  plates  being  in  their  natural  state,  that  is, 
unannealed. 

Further,  it  should  be  said  that  all  dimensions,  thicknesses  of  plate,  &c., 
were  measured  by  the  most  accurate  means  available ;  and  that  in  every 
case  the  rivet  or  shearing  area  has  been  assumed  to  be  that  of  the  holes, 
not  the  nominal  (or  real)  area  of  the  rivets  themselves.  Also  in  every  case 
the  strength  of  the  metal  in  the  joint  has  been  compared  with  that  of  strips 
cut  from  the  same  plates,  and  not  merely  with  nominally  similar  material. 
It  is  thought  that  if  these  points  had  always  been  attended  to,  many  of  the 
discrepancies  in  published  riveted-joint  experiments  would  never  have 
appeared. 

1.  The  metal  between  the  'rivet-holes  has  a  considerably  greater  tensile 
resistance  per  square  inch  than  the  unperforated  metal.  This  excess 
tenacity  amounted  to  more  than  20  per  cent,  (both  |-inch  and  f-inch 
plates)  when  the  pitch  of  the  rivet  was  about  1*9  diameters.  In  other 
cases  f-inch  plate  gave  an  excess  of  1 5  per  cent,  at  fracture  with  a  pitch  of 
2  diameters,  of  10  per  cent,  with  a  pitch  of  3*6  diameters,  and  of  6*6  per 
cent,  with  a  pitch  of  3*9  diameters ;  and  f  inch  plate  gave  7*8  per  cent, 
excess  with  a  pitch  of  2*8  diameters. 

2.  The  shearing  resistance  of  the  rivet-steel  is  a  matter  upon  which,  as 
has  been  pointed  out,  further  experiment  is  required.  It  may  be  taken  as 
established  that  the  resistance  per  square  inch  in  double  shear,  is  as  great 
as  that  in  single  shear,  so  that  allowance  need  not  be  made  for  the  two 
shearing  planes  not  being  equally  stressed.  In  ji>i^/^-riveted  joints,  how- 
ever, the  bending  of  the  plates  will  put  considerable  tensile  stress  in  the 
rivets;  and  this  may  diminish  their  apparent  shearing  resistance.  In  single- 
riveted  joints  it  may  be  taken  that  about  22  tons  per  square  inch  is  the 
shearing  resistance  of  rivet-steel,t  when  the  pressure  on  the  rivets  does  not 
exceed  about  40  tons  per  square  inch.  In  double-riveted  joints,  with  rivets 
of  about  f-inch  diameter,  most  of  the  experiments  gave  about  24  tons  per 
square  inch  as  the  shearing  resistance,  but  the  joints  in  Series  XIII.  went 
at  22  tons.  In  Series  XIII.  the  larger  rivets  also  went  at  a  low  load;  but 
in  the  other  double-riveted  joints  with  large  rivets  these  latter  remained 
unbroken  at  a  stress  of  22  tons  per  square  inch. 

3.  The  size  of  the  rivet-heads  and  ends  plays  a  most  important  part  in  the 
strength  of  the  joints,  at  any  rate,  in  the  case  of  single-riveted  joints.  An 
increase  of  about  one-third  in  the  weight  of  the  rivets  (all  this  increase,  oi 
course,  going  to  the  heads  and  ends)  was  found  to  add  about  8|  per  cent, 
to  the  resistance  of  the  joint,  the  rivets  remaining  unbroken  at  22  tons  per 
square  inch,  instead  of  shearing  at  a  little  over  20  tons.    The  additional 

*  Abstract  of  results  of  experiments  on  Riveted  Joints,  with  their  applications  to 
practical  work.  By  Professor  Alexander  B.  W.  Kennedy,  honorary  life-member  of  ths 
Institution  of  Mechanical  Engineers. 

t  In  one  pair  of  sinfrle-riveted  joints  only  (Nos.  383  and  384  in  Series  VI.)  a  shearing 
resistance  of  over  24  tons  per  square  inch  was  reached ;  in  none  of  the  others  did  it 
C3cceed  22*5  tons. 
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Strength  is  no  doubt  due  to  the  prevention  of  so  great  iennle  stress  in  the 
rivets  through  distortion  of  the  plates. 

4.  I'he  strength  of  a  joint  made  across  a  plate  is  equal  to  that  of  one 
made  in  the  usual  direction.  (Both  this  conclusion  and  the  last  preceding 
are  stated  as  the  result  of  a  very  limited  number  of  experiments ;  but  there 
seems  no  reason  to  doubt  their  general  truth.) 

5.  The  intensity  of  bearing  pressure  on  the  rivets  exercises,  with  joints 
proportioned  in  the  ordinary  way,  a  very  important  influence  on  their 
strength.  So  long  as  it  does  not  much  exceed  40  tons  per  square  inch 
(measured  on  the  projected  area  of  the  rivets)  it  does  not  seem  to  affect 
their  strength;  but  pressures  of  50  to  55  tons  per  square  inch  seem  to 
cause  the  rivets  to  shear  in  most  cases  at  stresses  varying  from  16  to  18  tons 
per  square  inch. 

This  conclusion  is  based  on  the  experiments  of  Series  X.,  in  which  the 
margin  was  made  equal  to  the  diameter  of  the  drilled-hole.  For  ordinary 
joints,  which  are  to  be  made  equally  strong  in  plate  and  in  rivets,  the  bear- 
ing pressure  should,  therefore,  probably  not  exceed  42  or  43  tons  per 
square  inch.  For  double-riveted  butt-joints,  perhaps,  as  will  be  noted 
later,  a  larger  pressure  may  be  allowed,  as  the  shearing  stress  may  probably 
not  exceed  16  to  18  tons  per  square  inch  when  the  plate  tears.  But  in  this 
case  it  would  probably  be  wise  to  increase  the  margin. 

6.  A  margin  (or  net  distance  from  outside  of  holes  to  edge  of  plate) 
equal  to  the  diameter  of  the  drilled  hole  has  been  found  sufficient  in  all 
cases  hitherto  tried. 

7.  To  attain  the  maximum  strength  of  a  joint  the  breadth  of  lap  must  be 
such  as  to  prevent  it  from  breaking  zigzag.  Such  a  method  of  fracture 
must  inevitably  be  accompanied  by  unequal  stresses  in  the  plate  straight 
between  the  rivet-holes,  and  by  consequent  diminution  of  strength.  It  has 
been  found  that  the  net  metal  measured  zigzag  should  be  from  30  to  35 
per  cent,  in  excess  of  that  measured  straight  across,  in  order  to  ensure  a 

2  d 
straight  fracture.    This  corresponds  to  a  diagonal  pitch  of  -/  -h  ~,  if  /  be 

3  3, 

the  straight  pitch,  and  d  the  diameter  of  the  rivet-hole.     To  find  the  proper 

breadth  of  lap  for  a  double-riveted  joint,  it  is  probably  best  to  proceed  by 
first  setting  this  pitch  off,  and  then  finding  from  it  the  longitudinal  pitch,  or 
distance  between  the  centres  of  the  lines  of  rivets. 

Table  66. — Slip  of  Riveted  Joints. 


Rivet  Diameter. 

Type  of  Joint. 

Riveting. 

Slipping  Load  per  Rivet. 

|-inch 

Single-riveted 

Hand 

2" 5  tons 

i» 

Double-riveted 

»i 

3*0  to  3*5  tons 

}} 

»>                  yy 

Machine 

7  tons 

I -inch 

Single-riveted 

Hand 

3*2  tons 

»> 

Double-riveted 

»» 

4'3  tons 

>i 

f>            >» 

Machine 

8  to  10  tons 

8.  Visible  slip  or  "  give  "  occurs  always  in  a  riveted  joint  at  a  point  very 
much  below  its  breaking  load,  and  by  no  means  proportional  to  that  load. 
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A  careful  collation  o!  all  the  results  obtained  in  measuring  the  slip  indicates 
pretty  clearly  that  it  depends  upon  the  number  and  size  of  the  rivets  in  the 
joint,  rather  than  anything  else  ;  and  that  it  is  tolerably  constant  for  a  given 
size  of  rivet  in  a  given  type  of  joint.  The  loads  per  rivet  at  which  a  joint 
will  commence  to  slip  visibly  are  approximately  as  given  in  Table  66. 

To  find  the  probable  load  at  which  a  joint  of  any  breadth  will  commence 
to  slip,  it  is  only  necessary  to  multiply  the  number  of  rivets  in  the  given 
breadth  by  the  proper  figure  taken  from  the  last  column  of  the  Table  above. 
It  will  be  understood  that  the  above  figures  are  not  given  as  exact ;  but  they 
represent  very  well  the  results  of  the  experiments  in  all  series  from  VIII.  to 
XIII. ;  except  Series  X.,  in  which  the  average  (for  i-inch  rivets)  was  much 
lower  than  that  given  above.  In  this  series,  however,  the  proportions  of  the 
joints  were  intentionally  somewhat  abnormal ;  and  it  is  perhaps  not  to  be 
expected  that  in  this  respect  the  results  should  agree  with  those  of  the 
other  experiments. 

This  result  as  to  the  slipping  of  a  joint,  although  perhaps  unexpected,  is 
not  contrary  to  what  ought  to  have  been  expected.  For  experiments  show 
that,  long  before  stresses  are  reached  which  could  visibly  stretch  the  plates 
of  a  joint,  there  will  be  quite  measurable  shear  of  the  rivet.  The  visible 
slip  therefore  will  consist  almost  wholly  of  this  shear,  the  magnitude  of 
which  will  depend  primarily  on  the  number  and  size  of  the  rivets  in  the 

Table  67. — Shear  of  Rivet-Steel  Pins,  i  Inch  Diameter. 


Shearing  Stress  in 

Lbs.  per  Square 

Inch. 

Test  Not. :  - 

343 

344 

345 

346 

347 

348 

Amount  of  Sh 

ear  in  Inches. 

0 

O'O 

O'O 

O'O 

b'O 

O'O 

O'O 

6365 

•010 

'OI3 

'O16 

•022 

•055 

•021 

12730 

•022 

•028 

•030 

•034 

•066 

•032 

I9IOO 

•034 

•040 

•042 

•048 

.078 

•043 

25460 

•055 

•060 

•060 

•071 

•091 

•062 

28320 

•066 

... 

•  •  ■ 

•  •  « 

... 

•  .  • 

31830 

•080 

•086 

•082 

•091 

*"3 

•183 

35010 

•093 

•  •  • 

• .  • 

•  •  • 

•* . 

... 

38190 

•113 

•113 

•108 

•114 

*I40 

•108 

41380 

•141 

•  .  • 

•  «  • 

•  «  • 

• . . 

•  .  . 

44550 

•168 

•15a 

*I42 

•170 

'171 

•155 

47740 

•200 

•  .  . 

•  •  • 

•  .» 

•  •  • 

•  .  • 

50910 

'242 

•200 

• 

•196 

'248 

•238 

*222 

54IIO 

... 

«  •  • 

•  •  • 

• .  • 

... 

•  •  • 

per  iq.  in.  )  Tons. 

54IIO 

54930 

55240 

52830 

56670 

53530 

2415 

24-52 

24*66 

23'59 

25*29 

2390 

M 
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joint.  Anything  that  will  hold  the  plates  up  better  together,  such  as 
hydraulic  pressure  on  the  rivets,  might  be  expected  to  diminish  this  shear 
or  delay  its  commencement,  exactly  as  seems  to  have  happened.  The 
Table  67  gives  the  result  of  experiments  on  this  matter  which  were 
made  along  with  those  given  in  the  Committee's  first  report,  but  which  have 
not  previously  been  published  in  the  Proceedings  of  the  Institution.  The 
experiments  are  on  i-inch  turned  pinS  of  rivet  steel,  tested  in  the  single- 
shear  apparatus  already  described.  Of  course  the  shear  would  commence 
later,  and  be  at  first  smaller  in  extent,  when  the  pin  was  replaced  by  an 
actual  rivet,  and  when  the  plates  were  thus  forcibly  held  together,  instead 
of  being  quite  free,  except  so  far  as  held  from  motion  by  the  resistance  to 
shear. 

9.  The  value  of  machine-riveting  as  compared  with  hand-riveting,  in 
cases  when  sound  hand-riveting  is  possible,  lies  mainly,  if  not  entirely,  in 
the  fact  that  it  doubles  the  load  at  which  the  slip  of  a  joint  commences. 
This  conclusion  is  subject  to  modification  by  future  experiments  with  the 
use  of  higher  pressure  in  closing  the  rivet,  which  may  probably  still  further 
raise  the  slipping  load,  so  that  the  advantage  of  machine-riveting  may  quite 
possibly  be  even  greater  than  it  is  here  assumed  to  be ;  but  there  is  no 
indication  that  it  is  likely  to  affect  the  ultimate  strength  of  the  joint.  Tlie 
question  oi  friction  in  joint,  which  has  not  been  specially  experimented  on 
by  the  Committee,  no  doubt  comes  in  the  same  way.  The  friction  induced 
by  the  rivet  will  affect  the  point  at  which  slip  commences ;  but  can  hardly 
have  much,  if  any,  relation  to  the  breaking  load. 

It  is  thought  that  the  load  at  which  visible  slip  commences  is  probably 
proportional  to  the  load  at  which  leakage  would  begin  in  a  boiler.  Looked 
at  this  way,  it  will  be  seen  that  the  great  value  of  hydraulic  riveting  appears 
to  lie  rather  in  the  increased  security  and  stiffness  it  gives  at  ordinary 
working  loads  than  in  any  actual  raising  of  the  breaking  load.  From  a 
practical  point  of  view  the  former  is  probably  the  more,  and  not  the  less, 
important  function. 

Table  68. — Ratio  of  the  Diameter  of  the  Rivet  Hole  to  the 
Thickness  of  Plate  and  of  Pitch  to  Diameter  of  Hole  in 
f-iNCH  Plate. 


Original  Tenacity  of 
Plate. 

Tons  per  Square  Inch. 

Shearing  Resistance  of 
Rivets. 

Tons  per  Square  Inch. 

Ratio 

d 

t 

Ratio 

Jl. 

d 

Ratio 

Plate  Area 
Rivet  Area 

3? 
28 

28 

22 
22 

24 
24 

2*48 
2-48 
2-28 
2-28 

2-30 
2*40 
227 
2-36 

0'667 

0785 
0713 

0*690 

10.  The  experiments  point  to  very  simple  rules  for  the  proportioning  oi 
joints  of  maximum  strength,  which  will  be  mentioned  before  any  other 
joints  are  discussed.  Assuming  that  a  bearing  pressure  of  43  tons  per 
square  inch  may  be  allowed  on  the  rivet,  and  that  the  excess  tenacity 
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of    the  plate  is  10  per  cent,  of  its  original  strength,*  Table   68   gives 
the  values  of   the  ratios   of  diameter  d  of  the  hole  to  thickness  /  of 

plate  Tjj,  and  of  pitch  p  to  diameter  of  hole  \^\  in  joints  of  maximum 

strength  in  f-in.  plate. 

Summed  up  and  rounded  off,  this  means  that  the  diameter  of  the  hole 
(not  the  diameter  of  the  rivet  cold)  should  be  2  J  times  the  thickness  of  the 
plate,  and  the  pitch  of  the  rivets  2f  times  the  diameter  of  the  holes.f  In 
mean  also  it  makes  the  plate-area  71  per  cent,  of  the  rivet-area. 

If  a  smaller  rivet  be  used  than  that  here  specified,  the  joint  will  not  be  of 
uniform  and  therefore  not  of  maximum  strength ;  but  with  any  other  size 
of  rivet  the  best  result  will  be  got  by  use  of  the  pitch  obtained  from  the 
formula  formerly  cited, — 

t 

where,  as  before,  d  is  the  diameter  of  the  hole. 

The  value  of  the  constant  a  in  this  equation  is  as  follows : — 

For  30-ton  plate  and  2 2 -ton  rivets,  a  =  0*524 
28 


»>       «w 

>l 

*  *t 

>) 

» 

^  33" 

»  30 

>» 

24 

»» 

J» 

0-570 

„  28 

>» 

24 

>» 

>> 

0606 

d* 
or  in  the  mean,  the  pitch  p  =  0*56  — yd. 

It  should  be  noticed  that  with  too  small  rivets  this  gives  pitches  often 
considerably  smaller  in  proportion  than  2f  times  the  diameter. 

For  double-riveted  lap-joints,  a  similar  calculation  to  that  given  above, 
but  with  a  somewhat  smaller  allowance  for  excess  tenacity  on  account  of 
the  large  distance  between  the  rivet-holes,  shows  that  for  joints  of  maximum 
strength  the  ratio  of  diameter  to  thickness  should  remain  precisely  as  in 
single-riveted  joints ;  while  the  ratio  of  pitch  to  diameter  of  hole  should 
be  364  for  30-ton  plates  and  22  or  24-ton  rivets,  and  3*82  for  28-ton  plates 
with  the  same  rivets. 

Here,  still  more  than  in  the  former  case,  it  is  likely  that  the  prescribed 
size  of  rivet  may  often  be  inconveniently  large.  In  this  case  the  diameter 
of  rivet  should  be  taken  as  large  as  possible ;  and  the  strongest  joint  for  a 
given  thickness  of  plates  and  diameter  of  hole  can  then  be  obtained  by 
using  the  pitch  given  by  the  equation 

P  —  a-j-^-d, 

where  the  values  of  the  constant  a  for  different  streng.ns  of  plate  and  rivet 
may  be  taken  as  follows : — 

*  The  excess  strength  is  taken  lower  than  the  average  result  of  the  experiment,  because 
it  is  probable  enough  that  the  steel  used  had  more  than  the  average  softness. 

t  The  small  difference  here  from  the  constants  formerly  given  is  due  to  the  assumption, 
now  quite  justified,  of  a  somewhat  greater  bearing  pressure  than  was  then  allowed. 

M  2 
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Table  69. — Proportion  of  Double-Riveted  Lap-Joints,  in  whiCH 

p-=-  a  ---f  d. 


Thickness  of  Plate 

Original  Tenacity  of 

Plate. 

Tons  per  Square  Inch. 

Shearing  Resistance  of 

Rivets. 
Tons  per  Square  Inch. 

Value  of  Constant 
a. 

|-inch. 

ff 

f-inch. 
ff 
ff 
ff 

3? 
28 

28 
28 
28 

24 

24 
22 
22 
24 

24 
22 

22 

ri5 

1*22 
I '05 
112 
117 
1*25 
I -07 

1-14 

Practically  we  may  say  that,  having  assumed  the  rivet  diameter  as  large 
as  possible,  we  can  fix  the  pitch  as  follows,  for  any  thickness  of  plate 
from  f  to  J  inch  : — 

For  30-ton  plate  and  24-ton  rivets ")    ^—1.16^4.^ 
>»    28  „  22        ,,        3  '^  / 


ff 


u 


30 
28 


>) 


»» 


22 


24 


i> 


ff 


p=:i'o6—-\-d 

d* 
pz=V24^-hd 


In  double-riveted  butt-joints  it  is  impossible  to  develop  the  full  shearing 
resistance  of  the  joint  without  getting  excessive  bearing  pressure,  because 
the  shearing  area  is  doubled  without  increasing  the  area  on  which  the 
pressure  acts.  In  a  previous  report  it  was  shown  that,  considering  only  the 
plate  resistance  and  the  bearing  pressure,  and  taking  this  latter  as  45  tons 
per  square  inch,  the  best  pitch  would  be  about  four  times  the  diameter 
of  the  hole.  It  is  probable  that  a  pressure  of  from  45  to  50  tons  per 
square  inch  on  the  rivets  will  cause  shearing  to  take  place  at  from  16  to  18 
tons  per  square  inch.  Working  out  the  equations  as  before,  but  allowing 
excess  strength  of  only  5  per  cent,  on  account  of  the  large  pitch,  we  find 
that  the  proportions  of  double-riveted  butt-joints  of  maximum  strength 
under  given  conditions  are  those  of  the  following  Table  : — 

Table  70. — Proportions  of  Double-Riveted  Butt-Joints. 


Original  Tenacity  of 
Plate. 

Shearing  Resistance  of 
Rivet. 

Bearing  Pressure. 

Ratio 

Ratio 

Tons  per  Square  Inch. 

Tons  per  Square  Inch. 

Tons  per  Square 
Inch. 

d 
t 

d 

30 

16 

45 

180 

385 

28 

16 

45 

r8o 

4*o6 

3° 

18 

48 

170 

403 

28 

18 

48 

170 

4-27 

3° 

16 

50 

2-00 

4'20 

28 

16 

50 

2*00 

4"42 
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Practically,  therefore,  it  may  be  said  that  we  get  a  double-riveted  bult 
joint  of  maximum  strength  by  making  the  diameter  of  hole  about  I'S 
times  the  thickness  of  the  plate,  and  making  the  pitch  4*1  times  the 
diameter  of  the  hole.  These  are  very  nearly  the  proportions  which  were 
used  for  the  f-inch  joints  in  Series  XI.  to  XIIL  ;  for  the  f-inch  joints  the 
diameter  of  the  rivet  was  (as  with  the  lap  joint)  less  than  indicated  by 
theory.  In  thick  plates,  where  it  is  thought  impossible  or  inconvenient 
to  make  the  rivet-holes  so  large  as  i'8  times  the  thickness,  the  best  pitch  for 
any  assumed  diameter  of  rivet  cannot  be  found  by  the  method  formerly 
used  ;  for  here  we  have  not  a  given  maximum  shearing  stfess  to  work  to, 
but  rather  the  shearing  stress  which  in  a  given  joint  causes  a  given 
maximum  pressure  on  the  rivets.  The  best  ratio  of  pitch  to  diameter  of 
hole  in  double-riveted  butt-joints  of  maximum  strength  for  any  assumed 
diameter  of  hole  d  is  therefore  the  same  as  that  given  in  the  last  Table,  or 
in  mean,  4*1. 

II.  All  the  experiments  hitherto  made  have  necessarily  connected  them- 
selves with  the  question  of  strength^  and  the  proportions  just  given  belong 
to  joints  of  maximum  strength.  But  in  a  boiler  the  one  part  of  the  joint, 
the  plate,  is  much  more  affected  by  time  than  the  other  part,  the  rivets. 
It  is  therefore  not  unreasonable  to  estimate  the  percentage  by  which  the 
plates  might  be  weakened  by  corrosion,  Ac,  before  the  boiler  would  become 
unfit  for  use  at  its  proper  steam-pressure,  and  to  add  correspondingly  to 
the  plate-area.  Probably  the  best  thing  to  do  in  this  case  is  to  proportion 
the  joint  not  for  the  actual  thickness  of  plate,  but  for  a  nominal  thickness 
less  than  the  actual  by  the  assumed  percentage.  In  this  case  the  joint 
will  be  approximately  one  of  uniform  strength  by  the  time  it  has  reached 
its  final  workable  condition ;  up  to  which  time  the  joint  as  a  whole  will  not 
really  have  been  weakened,  the  corrosion  only  gradually  bringing  the 
strength  of  the  plates  down  to  that  of  the  rivets.  Thus,  suppose  a  single- 
riveted  lap-joint  in  f-inch  plate  is  in  question,  and  it  is  considered  that 
corrosion  will  make  this  equal  to  only  a  |-inch  plate  before  the  boiler- 
pressure  has  to  be  lowered.  The  rivet  should  then  be  proportioned  as  if 
the  plate  had  a  thickness  of  05  inch,  which  would  give,  for  30-ton  plate 
and  22-ton  rivets,  a  diameter  of  hole  of  1*24  inch.  Assume  this  as  too 
large  to  be  convenient,  and  take  the  diameter  of  hole  as  i  inch.  Then  the 
pitch  will  be 

p  =  — i?l  +  I  =  2*05  inches, 
-^        0-5  ^ 

The  ratio  of  plate  to  rivet  area  to  start  with  will  be  0*835,  means  of 
course  that  the  plate  is  in  excess ;  but  the  ratio  will  diminish  until  it  reaches 
0*667,  when  the  strength  of  the  plate  has  become  equivalent  to  that  of  one 
only  |-inch  thick,  as  was  required.  The  efficiency  of  the  joint  would  be 
45  per  cent.,  whereas  the  best  efficiency  of  a  joint  in  f-inch  plate  with 
i-inch  holes  {p  =  1*84  inches)  would  be  50  per  cent.,  and  the  best  possible 
eflficiency  of  a  single-riveted  lap-joint  in  f-inch  plate  under  the  given 
condition  of  strength  would  be  about  62  per  cent. 

It  is  hardly  necessary  to  point  out  how  strongly  these  figures  indicate  the 
necessity  of  using  as  large  rivets  as  possible,  and  of  taking  every  possible 
means  to  reduce  the  allowance  necessary  for  corrosion.     lor  a  boiler  such 
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as  has  been  discussed  is  absolutely  no  stronger  than  one  of  |;-inch  plate 
throughout,  if  only  the  thickness  of  the  latter  could  be  kept  unreduced  at 

the  joints. 

The  above  conclusions,  as  before  stated,  all  refer  to  joints  made  in  soft- 
steel  plates — unannealed — with  steel  rivets. 


STRENGTH  OF  CYLINDRICAL  BOILER-SHELLS. 

The  Btrength  of  a  Cylindrical  Shell  without  seams  may  be  found 
by  this  Rule  : — 

Pressure  in  lbs.  per  sq.  inch 
_  Tensile  strength  of  the  plates  in  lbs,  x  thickness  of  the  plate  in  inches  x  2 

""  Internal  diameter  of  the  shell  in  inches. 

Example  :  If  one-sixth  of  the  tensile  strength  of  the  plates,  or  8ood  lbs. 

strain  be  allowed  on  a  cylindrical  boiler-shell,  without  seams,  of  50  inches 

diameter,  composed  of  iron-plate  y*^  inch  thick,  what  pressure  of  steam  may 

be  used  inside  the  shell  ? 

rru       8ooo  lbs.  X  2  X  -3125  inch  thick  ^ .,      ^^^  ^ ^   .     , 

Then — ; — ; ; T-Ti — r — r-r.  =   100  lbs.  per  square  mch. 

50  mches  mternal  diameter  of  shell 

But  as  boilers  are  composed  of  belts  of  plates  with  riveted  seams,  it  is 

necessary  to  take  the  strength  of  the  riveted-joints  into  consideration. 

The  Maximum  Working  Preeenre  of  a  Cylindrical  Boiler- 
Shell  may  be  found  by  the  following  Rule :  Multiply  the  ultimate  tensile 
strength  of  the  plate  in  lbs.  per  square  inch  by  the  thickness  of  the  plate  in 
inches,  and  by  the  percentage  of  strength  of  the  riveted  joint  to  that  pf 
the  solid  plate,  and  divide  the  product  by  the  product  of  the  internal  radius 
of  the  boiler-shell  in  inches  by  the  factor  of  safety. 

Example :  Required  the  maximum  working  strength  of  a  wrought-iron 

cylindrical  boiler-shell,  5  feet  6  inches  internal  diameter,  thickness  of  plate 

J  inch,  the  strength  of  the  single-riveted  lap  joint  being  56  per  cent,  of 

the  solid  plate :  ultimate  tensile  strength  of  the  plate  =21  tons,  factor  of 

safety  =  6. 

rru        21  tons  X  2240  lbs.  X  '375  plate  x  '56         ^.q     ,, 

Then  — : — ^ 3? ^  y-^  ' — 2 — r-^  =  49  oQ  lbs.  per  square 

33  mches  radms   x   6  factor  of  safety 

inch  ;  and  this  shell  would  burst  with  a  pressure  of  49*89  x  6,  the  factor  of 

safety,  =  299*34  lbs.  per  square  inch. 

The  Internal  Diameter  of  Boiler^hell  for  a  given  Thickneea 
of  Plate  and  Fressore  may  be  found  by  this  Rule:  Multiply  the 
ultimate  tensile  strength  of  the  plate  in  lbs.  per  square  inch  by  the  thickness 
of  the  plate  in  inches,  and  by  the  percentage  of  strength  df  the  riveted 
joint  to  that  of  the  solid  plate,  and  divide  the  product  by  the  product  of  the 
working  pressure  in  lbs.  per  square  inch  by  the  factor  of  safety. 

Example  :  Required  the  internal  diameter  of  boiler-shell  suitable  for  thi 
particulars  of  the  last  example. 

Then  "  tons  ><^,,o  lbs   X  -375  plate  X  -56  ^        .^^^^^^  ^^ 

49'89  lbs.  X  6,  factor  of  safety 
33  inches  radius  x  2  =  5  feet  6  inches  internal  diameter. 


BURSTING-PRESSURE  OF  CYLINDRICAL  BOILERS.  \6j 

The  TbiokneM  of  Plate  for  a  Boiler-Shell  for  a  given  Diameter 
and  Workiiig  PreMrare  may  be  found  by  this  Rule :  Multiply  the  working 
pressure  in  lbs.  per  square  inch  by  the  factor  of  safety,  and  by  the  internal 
radius  in  inches  of  the  boiler-shell,  and  divide  the  product  by  the  product 
of  the  ultimate  tensile  strength  of  the  plate  by  the  percentage  of  strength  of 
the  riveted  joint  to  that  of  the  solid  plate. 

Example :  Required  the  thickness  of  plate  suitable  for  the  boiler-shell 
given  in  the  last  example. 

rpi        49*89  lbs,  pressure  x  6,  factor  of  safety  x  33  inches  radius  of  shell 

21  tons  X  2240  lbs.  X  -56,  percentage  of  strength  of  joint 
=  '375  inch. 

The  Total  Freseiire  of  Steam  on  the  Xntemal  Siirfiu>e  of  a 
Boiler  may  be  found  by  multiplying  the  internal  surface  of  the  boiler  by 
the  pressure  of  the  steam  per  unit  of  surface. 

Example :  A  Lancashire  boiler,  6  feet  diameter,  24  feet  long,  with  two 
flues  each  2  feet  3  inches  diameter,  is  worked  at  a  pressure  by  the  steam 
gauge  of  60  lbs.  per  square  inch  :  required  the  total  pressure  of  the  steam 
on  the  internal  surface  of  the  boiler. 

Then, 

The  surface  of  the  boiler-shell  is  6  feet  x   3*  14 16 

X  24  feet =  35239  square  feet 

The  surface  of  the  two  flues  is  2*25  feet  x  3*  14 16 

X  24  X  2 =  33929         „ 

The  surface  of  the  two  flat  ends  of  the  boiler  is 

(6  X  6feet)  — (2*25  x  2*25 feet  x  2)x  7854  x  2=     4064         „ 


Total  internal  surface  in  square  feet  .        .    .  73 2  32 
and.  73»-3»  square  feet   x   U4   x  60  lbs,  pressure  ^  ^g^  ^^^  ^^ 

2240  lbs. 
total  pressure  of  the  steam  on  the  internal  surface  of  the  boiler. 

Barsting-FreMiire  of  Cylindrieal  Boilers. — ^The  strength  of  cylin- 
drical shells  to  resist  internal  bursting  pressure  in  a  direction  parallel  to 
their  axis  may  be  calculated  by  this  Rult 

T  X  C 


P  = 


D 


Where  P  =  The  bursting  pressure  in  lbs.  per  square  inch. 
tf    T  ss  The  thickness  of  the  shell  in  sixteenths  of  an  inch. 
„    D  ss  Diameter  of  shell  in  quarter  feet. 
n    C  =  A  constant,  being  as  follows : — 

1097  for  single-riveted  wrought-iron  plates. 

1372  for  double-riveted  wroughtriron  plates. 

1723  for  single-riveted  steel-plates. 

2156  for  double-riveted  steel- plates. 

The  plates  to  be  sound,  and  ot  good  materia!. 
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CoUapnxig  Fresrare  of  Wronglit-Zroii  Cylindrical  Fine  Tubas. — 

The  rule  usually  employed  for  the  strength  of  cylindrical  tubes  subject  to 
external  pressure,  is  that  deduced  by  Fairbaim  from  the  results  of  a  series 
of  experiments.     It  is  as  follows : — 


where  P 
/ 
L 
D 


ft 


p  _  806300  X  /'•'^ 
LxD 

The  collapsing  pressure  in  lbs.  per  square  inch. 
The  thickness  of  tube  in  inches. 
The  length  of  tube  in  feet. 
The  diameter  of  tube  in  inches. 


The  following  values  of  /"*'',  usually  required,  may  be  useful : — 


(if 
(if 

/_5  y., 
\  1 67 


•02558. 

•03585- 
•04803. 

•06216. 

'07829 

•09646. 

•11671. 


(iff 

(tF 


•13908. 

•16358. 
•19027. 

•21915. 

•25027. 

•28364. 

•35725. 


Instead  of  the  2*  19  power,  the  square  of  the  thickness  is  usually  taken  as 
suflftciently  correct  in  practice,  in  which  case  the  formula  becomes — 

p__  806300 X /* 
"■      LxD     * 

Another  rule  sometimes  used  to  find  the  collapsing  pressure  of  wrougbt- 
iron  furnace-tubes  in  lbs.  per  square  inch,  is — 

4653UX/'  . 
LxD      ' 

the  notation  being  the  same  as  in  the  previous  example. 
Working  Fressnre  of  Wronght-Iron  Cylindrical  F^Tie-Tabes. — 

The  formula  generally  used  for  ascertaining  the  working  pressure  to  be 
allowed  for  the  furnaces  of  wrought-iron  boilers  is  as  follows  : — 

Working  pressure  in  lbs.  per  square  inch  =  ~f—j<r  , 

where  /,  L,  and  D,  stand  for  thickness  of  plate  in  inches,  length  of  flue  in 
feet,  and  diameter  of  tube  in  inches. 
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The  above  rule  would  appear  to  be  intended  to  allow  one-ninth  of  the 
collapsing-pressure  obtained  by  Fairbairn's  formula,  given  above. 

Collapsing  Pressure  of  Iiap-JointecL  Tubes. — Mr.  Richards,  of  the 
Marine  Department  of  the  Board  of  Trade,  considers  Fairbairn's  formula  to 
be  unsuitable  for  obtaining  the  collapsing  pressure  of  wrought-iron  furnace- 
tubes  constructed  with  lap-joints,  and  gives  the  following  as  the  proper 
formula  for  such  tubes,  based  on  Fairbairn's  deductions  : — 

Collapsing  pressure  of  lap- jointed  furnace-tubes  in  lbs.  per  square  Inch  s 

322462  x/* 

LxD     ' 

where  the  notation  is  the  same  as  in  the  previous  rule. 

The  Collapsing  Pressure  of  Wrought-Iron  Tubes  is  frequently  cal- 
culated by  the  following  formula,  which  provides  for  the  tubes  being  slightly 
out  of  the  circular  form,  as  long  tubes  generally  are — 

P  -  37502321^ 
LxD 

where  D  =  the  diameter  in  inches,  L  =  the  length  in  feet,  ".  =  the  thick- 
ness in  inches,  P  =  the  collapsing  pressure  in  lbs.  per  square  inch. 

Nystrom's  rule  for  calculating  the  collapsing  pressure  of  tubes  subjected 
to  external  pressure  is  as  follows  : — 

Let  D  =  the  internal  diameter  of  the  tube  in  inches. 
L  =  the  length  of  the  tube  in  feet. 
/  =  the  thickness  of  the  tube  in  inche«. 
The  collapsing  pressure  of  the  tube  in  pounds  per  square  inch  is, 

200,000  X  /- 

"   bxVL 

Numerous  different  forms  of  furnace  lubes  for  steam  boilers  have  been 
designed  to  provide  longitudinal  elasticity,  to  accommodate  the  expansion 
of  the  tubes  when  heated,  and  to  obtain  great  resistance  to  collapsing- 
pressure,  some  of  which  are  as  follows  : — 

The  Adamson  absorber  flanged-seam  for  the  furnace-tubes  or  flue-tubes 
of  boilers,  shown  in  Fig.   59,  absorbs  the  increase  in  length  due  to  the 
expansion  of  the  tube  by  heat,  and  prevents  the 
thrusting  out  of  the  end-plates  of  the  boiler,  which 
would  otherwise  take  place  to   accommodate  the  ^..ljj>. 

necessary  expansion.     If  the    furnace-tubes  of  a  v-i-rl/ 

Lancashire   boiler  are   each    provided   with   eight 
absorber  flanges,  and  the  tuoes  expand  \  inch  in 
length,  it  only  causes  each   flange   to  move  one- 
sixteenth  of  an  inch  in  length,  and  the  expansion  ... 
is  absorbed  at  the  point  marked  A,  and  does  not                  ^  V^ 

reach  B,  in  the  engraving.     When  the  tubes  cool  ^*- 

and   contract,  the  flanges  return  automatically  to        pig.  59.— The  Adamson 
their  original  positions.  ^^'^'^^^  flang.d-s.am. 

The  advantages  claimed  for  this  form  of  seam 
over  others   are — that  its  superior   flexibility   prevents  the   riveted   joints 
becoming  overstrained,  and  they  are  less  liable  to  leak  ;  it  breaks  up  the 
fUmjs  and  absorbs  more  heat;  it  provides  more  space  between  the  furnace- 
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tubes,  and  affords  greater  accessibility  to  the  bottom  of  the  boiler  and 
facilitates  cleaning ;  and  that  as  the  strains  oh  the  furnace-tubes  and  ends 
of  the  boiler  are  reduced  to  a  minimum,  it  tends  to  prolong  the  life  of 
the  boiler. 
The  Paxman  fumace-tube,  shown  in  Fig.  59A,  has  lap-jointed  ring-seams, 

or  transverse  seams,  bell- 
mouthed,  or  rolled  out  to 
a  larger  diameter  than  the 
body  of  the  tube.  The 
curves  at  the  sides  of  the 
provide    a    little 


Fig.  Mi.— The  Paiman 


furnace-i 


tube. 


Fig.  S9B.— The  Hawkesley-Wlld 
farnace-tabe. 


seams    proviae    a 

The  rivets  of  the  seams  are  placed  well  clear  of  the 

This  form  of  seam  gives  considerable  circumferential 


elasticity  to  the  tube, 
action  of  the  flame. 
stifiEness  to  the  tube. 

The  Hawkesley-Wild  furnace-tube,  shown  in  Fig.  59B,  is  formed  of  alter- 
nate large  and  small  rings  or  belts  of  plates.  The  ^nds  of  the  small  belts 
are  enlarged  to  fit  into  the  ends  of  the  large  belts,  and  they  are  riveted 
together.  The  resistance  of  these  tubes  to  collapsing  pressure  is  consider- 
able. When  applied  to  a  Lancashire  boiler  the  smaller  rings  of  the  two 
furnace-tubes  are  opposite  to  each  other  so  that  ample  space  is  provided  for 
inspecting  and  cleaning  the  boiler.  A  certain  amount  of  elasticity  is  imparted 
to  the  tube  by  the  curved  enlargement  at  the  ends  of  the  small  belts. 

Furnace-tubes  formed  with  annular  corrugations  on  Fox's  or  Morison's 
plan  are  used  for  several  different  t}'pes  of  steam-boilers. 
FnmaGe-tiibes   formed   with   Annnlar   Cormgatioiis,  shown  in* 

Fig.  60,  are  twice  as  strong 
to  resist  collapsing  pressure 
as  plain  furnace -tubes,  hut 
inferior  to  tKem  as  regards 
staying  the  boiler-ends,  and 
it  is  necessary  to  place  longi- 
tudinal stays  close  to  corru- 
gated furnace  -  tubes.  To 
counteract  the  excessive  ex- 
pansion of  a  long  furnace- 
tube,  it  may  be  composed  of 
alternate  belts'  of  plain  and 
corrugated  tubes.  Corrugated 
furnace-tubes  are  sometimes 
formed  with  plain  parts  for 
the  insertion  of  cross-tubes. 
Several  different  forms  of  cor- 
rugations are  in  use,  but  they 
are  all  liable  to  collect  deposit, 
and  thev  are  not  suitable  for 
very  sedimentary  feed- water. 

Test  of  a  Cormgated 
Furnace-tube. — A  test  was 
made  of  a  corrugated  furnace-tube,  of  mild-steel,  6  feet  9  inches  long, 
3  feet  1 1  inches  outside  diameter,  had  13  corrugations  i:^  inches  deep,  and 
pitched  6  inches  apart  from  centre  to  centre  of  each  corrugation.    The 


Fig.  60.— Return-tube  marine  boiler,  with 
corrugated  furnace -tubes. 
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tenacity  of  the  steel  was  27*2  tons  per  square  inch,  with  an  elongation  of 
35  per  cent,  in  10  inches.    The  results  were  as  follows : — 


Table ' 

7 1 . — Particulars 

OP  Test  of 

A  Corrugated  Furnacs-tubs. 

Prasan  in 

Pounds  per 

Square 

inch. 

Alteration  op  Fosm  Tkansybrsbly. 

Permanent  Set. 

Elongation 

in  a 
Length  of 
5  ft.9iiL 

HoruoDtally. 

Verricallf. 

300 

•  ■• 

••■ 

••  • 

•  •  • 

• .  • 

•  •  • 

•035 

400 

•  •• 

•  •• 

••  • 

•  •• 

•  •  • 

•  •  • 

•05 

500 
600 

•  •  • 
•03 

• . . 
•015 

•  •  • 
•03 

•  •  • 
•03 

• . . 
•025 

. .  • 
■03 

•07 
•07 

700 
800. 

•03 

•04 

•015 
•03 

•03 

•03 

nil 

•025 
•025 

•03 
•03 

•07 
•09 

850 
900 

•10 

Tota 

•05 
collai 

•08 
)se  ens 

•04 
(ued. 

•025 

•03 

•035 

•04 

;o35 

•II 

Bibbed  Fnmaee-Tnbes  shown  in  Fig.  61  combine  the  longitudinal 
strength  of  plain  furnace-tubes,  and  the  diametrical  resistance  to  collapse  of 
corrugated  furnace-tubes.  The  ribs  or  strengthening  rings  are  rolled  on 
the  plate,  and  there  is  no  necessity,  as  in  the  case  of  corrugated  furnace- 
tubes,  to  weld  the  joint  for  the  subsequent  process  of  corrugating.  An 
experiment  consisting  of  testing,  with  hydraulic  pressure,  of  a  furnace-tube 


Fig.  6x.— Ribbed  furnace-tube. 

to  destruction  was  made  with  a  ribbed-tube  of  the  dimensions  given  in  the 
following  Table : — 

Table  72. — ^Dimensions  of  a  Ribbed  Furnace-Tube  Tested  to  Destruc- 
tion AT  THE  Works  of  Messrs.  John  Brown  and  Co.,  Limited, 
Sheffield. 


Thickness 

of 

Furnace 

Tube. 

Length  of 

Furnace 

Tube  over 

all. 

Length 

between 

Centres  of 

Inner  Rows 

of  Rivets 

in  End 

Angles. 

Internal  Diameter. 

Front  End. 

Middle. 

Back  End. 

Vertical 

Horizontal.!  Vtrtical. 

Horizontal. 

Vertical. 

Horizontal. 

Inch. 

1 
2 

ft.      in. 

7     0 

ft.     in. 

6    6| 

Inches. 

37-H 

Inches. 

37U 

Inches. 

37U 

Inches. 

3711 

Inches. 
37  ST 

Inches. 

3711 
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Result  of  the  Test, — ^The  ribbed-lube  collapsed  opposite  to  the  hult- 
sirap,  at  a  pressure  of  780  lbs.  per  square  inch.  There  was  no  appreciable 
deformation  diametrically  at  700  lbs.  per  square  inch,  the  highest  pressure 
at  which  the  tube  was  gauged.  It  is  claimed  for  this  form  of  furnace- 
tube  that  besides  being  practically  of  the  same  strength  as  a  corrugated 
furnace-tube  lo  resist  collapse,  it  possesses  very  much  greater  longitudinal 
strength,  and  that  therefore  it  will  not  require   longitudinal  stays  close 


alongside  it.  It  also  will  not  be  liable  to  an  accumulation  of  scale  upon  its 
crown  lo  a  greater  extent  than  plain  furnaces — a  point  of  \ery  considerable 
importance  in  the  cases  of  vessels  making  very  long  ocean  voyages.  The 
longitudinal  joint  of  these  furnaces  are  best  made  with  a  butt-strap,  which 
is,  of  course,  placed  below  the  fire-bar  level,  a  truly  circular  form  being 
:hus  obtained  with  a  thoroughly  trustworthy  joint,  which  is  not  likely  to 
give  trouble  by  leakage  as  soon  as  a  slight  corrosion  has  occurred  upon 
some  part  of  the  joint,  as  has  often  happened  with  welded  joints.  Further, 
it  is  considered  that  a  welded  joint  is  more  likely  to  suffer  from  corrosion 
than  a  riveted  one,  on  account  of  the  material  not  being  so  homogeneous  at 
the  weld  as  at  the  other  portions. 

The  Stnn^h  of  Zlibbed  Fomace-Tabss  is  the  same  as  that  of 
corrugated  furnace-tubes,  and  this  form  of  furnace  may  have  a  working 
pressure  as  foimd  by  the  formula  for  determining  the  working  pressure  to 
be  allowed  upon  corrugated  fumace-tubes. 


FIRE-BOX  ROOF-STAYS.  I73 

St^-Bolts  for  Fir«-Baz  Soob  of  KooomotlT*  Bi^isM. — ^Tbe 

strongest  and  most  efficient  arrangement  of  stays  for  staying  the  roof  of  a 
locomotive  fire-bos  is  that  shown  in  Fig.  62.  The  stays  do  not  impede  the 
circulation  of  the  water,  which  can  freely  circulate  over  the  hottest  parts. 
Por  very  high  temperatures,  the  stay-bolt  should  be  screwed  into  both  plates, 
ami  have  their  ends  riveted  over  to  form  good  heads. 
Aoof-Ster"  of  tha  Fire-Boz  of  Locomotive  Engine*  are  frequently 


Tif.  63,— FiR-b(nora1acoiiiotive.|»i1cT. 

made  in  the  fonn  of  the  girder-stay,  shown  in  Fig.  63,  in  which  there  are  8 
wTOught-iron  girder-stays,  2  inches  thick,  mean  depth  6J  inches,  length  of 
girder  53  inches  between  the  points  of  support.  Each  girder  is  attached  to 
the  fire-box  by  best  Yorkshire  iron-bolts  i  inch  diameter,  pitched  at  4I 
inches.  Four  of  the  bars  are  connected  by  means  of  sling-stays  to  angle- 
irons  riveted  to  the  crown  of  the  fire-box  sliell.  The  stays  are  pitched  4^ 
Inches  transversely,  leaving  a.  space  of  2^  inches  between  the  stays. 
The  ultimate  breaking-weight  of  each  girder-stay  may  be  found  by 
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Mr.  D.  K.  Clark's  formula  for  the  transverse  strength  of  rectangular  bars  of 
wrought-iron  loaded  at  the  middle,  which  is : — 

T5     , .  -^.Uf  •     *^  26  X  breadth  in  inches  x  depth  in  inches' 

Breakmg  weight  m  tons  = = r — 7 -. — i-*-^ 

Length  of  span  m  mches. 

'pu      26x2  inches  broad  x  6i  x  6i  inches  depth 

Then : — ^ — -r— / r    •   . *^  =  41  45  tons, 

53  mches,  length  of  span  of  girder 

the  ultimate  breaking-weight  required  to  break  each  of  these  girder-stays 
when  loaded  at  the  middle  ;  but  as  the  weight  is  uniformly  distributed,  the 
ultimate  breaking- weight  is  41 '45  x  2  =  82'90  tons. 

The  area  of  lire-box  roof  supported  by  each  roof-stay  is  4*875  inches 
pitch  of  girders  x  53  inches  span  =  258*375  square  inches,  and  when  tested 
by  hydraulic  pressure  to  the  usual  pressure  of  200  lbs.  par  square  inch,  each 

girder-stay  would  be  loaded  to  ^58'375  x  200  lbs.  _       ^^^^ 
^  ^  2240  lbs.  ^ 

Cavt-Stael  CKrder-Stays  for  Fire-Boz  Boofii»  as  shown  in  Figs.  64 
and  65,  are  more  efficient  than  wrought-iron  girder-stays,  as  they  can  be 
made  of  the  maximum  strength  and  rigidity  with  the  minimum  bulk  and 
weight. 


nil   rt   ill  ''*^ 
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Figs.  64  and  65. — Cast-steel  fire-box  roof-stays. 


Fig.  66. 


Fig.  67. 


Fig.  68.  »  ' 

Figt.  66— 68.— Wrought-iron  roof-sUy. 


Fig.  69.-jCoinlmstioo- 
chamber  with  cunred  roof. 


The  Strength  of  a  Comhiurtion-Chaiiiber  with  a  Curred  Boof»  as 

shown  in  Fig.  69,  may  be  calculated,  when  the  radius  of  the  curvature  is 
known,  by  the  rules  for  determining  the  collapsing  strength  of  furnace- 
tubes,  the  radius  of  the  largest  curvature  of  the  roof  to  be  taken. 


STRENGTH  OF  STAYED  PLATES.  I/S 

Strength  of  tlie  Flat  Surfaces  of  Steam-Boilers. — ^There  are  many 
rules  for  calculating  the  strength  of  flat  stayed  plates  to  resist  the  pressure 
of  sieam  or  water,  one  of  which,  by  F.  J.  Cole,  is  as  follows: — 

In  which  S  «■  the  maximum  stress  producing  a  permanent  set. 

E  ■■  the  elastic  limit  of  the  plate  =  32,cx)o  lbs.  per  square  inch 
for  steel,  and  29,000  lbs.  per  square  inch  for  wrought 
iron. 
/  =  the  thickness  of  the  plate  in  inches. 
d  =  the  distance  from  centre  to  centre  of  the  stays. 
a  =  the  diameter  of  the  head  of  the  stay  in  inches. 
The  strength  of  fiat  plates  to  resist  pressure  was  investigated  by  D.  K» 
Clark,  who  gives  the  following  formulae*  for  calculating  their  strength  : — 

Elastic  strength  of  circular  Hat-end  plates  of  boilers  of  wrought-iron  and 
steel,  of  uniform  thickness,  fastened  at  the  circumference,  exposed  to  a 
bulging  pressure  uniformly  distributed  : — 

For  wrought-iron  p  ==  10,000  -j 

For  steel  /  =  11,500-^ 

p  =  bulging  pressure  in  pounds  per  square  inch. 
/  ~  thickness  of  the  plate  in  inches. 

d  s  diameter  of  the  plate  in  inches,  measured  to  the  circular  line  of 
junction. 
Strength  of  the  Stayed    Flat  Plates  of  Steam-Boilers.— The 
relative  internal  pressure  and  stress  in  a  fiat  stayed  plate,  strained  to  the 
elastic  limit,  are  given  by  the  following  formula : — 

_  407  /  J 

^  d 

p  ==  internal  pressure  in  pounds  per  square  inch. 

/  =  thickness  of  plate  in  inches. 

d  =  clear  maximum  distance  apart  between  two  stay-bolts. 

s  =  tensile  stress  in  the  plate,  in  tons  per  square  inch  at  the  elastic  limit. 

This  formula  may  be  reduced  for  wrought-iron,  steel,  and  copper-plates 
by  substituting  their  values  of  x,  12  tons,  14  tons,  and  8  tons  respectively, 
and  reducing  the  co-efficients  to  round  numbers. 

The  elastic  strength  of  flat  stayed  plates  of  uniform  thickness,  exposed  to 
bulging  pressure  uniformly  distributed,  may  be  found  by  the  following 
formulae : — 

For  wrought-iron  /  =  5000  -y- 

d 

For  steel  /  =  5700  -j- 

d 

For  copper  p  =  3300  -=- 

d 

*  The  rales  for  the  strength  of  flat  plates  on  this  and  the  following  page  are 
extracted  from  "  The  Mechanical  Engineer's  Pocket-Book/'  by  D.  K.  Clark,  publish^' 
by  Crosby  Lockwood  &  Son,  London.  '  -' 
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The  thickness  of  plate  and  the  clear  distance  apart  of  the  stay-bohs  may 
be  found  by  the  following  formulae  : — 

For  wrought-iron  /  =  -A^  For  copper  /  =  -f—- 

°  5C'0O  3300 

5000/  ^  _  3^00' 

For  steel  /  =    ^ — 

5700 

,  _  5700/ 
»        if  **  ""  — 7 — ■ 

When  the  pitches  of  the  stay-bolts,  vertically  and  transversely,  are  not 
equal  to  each  other,  the  pitch  of  the  greater  length  is  to  be  adopted  in  the 
foregoing  formulae. 

The  stay-bolls  should  be  so  proportioned  that  they  may  not  be  stretched 
beyond  elastic  limits,  when  the  plate  is  subject  to  the  maximum  elastic 
pressure.  Stress  is  applied  to  them  in  two  forms — ^tensile  stress  and 
shearing  stress. 

With  regard,  first,  to  tensile  stress,  the  product  of  the  net  sectional  area 
of  the  bolt  by  the  elastic  strength  per  square  inch,  should  be  at  least  equal 
to  the  total  elastic  pressure  which  the  plate  is  capable  of  resisting.  That  is, 
on  this  assumption, 

7854  ^'^  ^  =  ^' "  P'  ^  ^  and  </'^  ^       PxFx/       ^  PF_A 

2240  7054  X   2240  X  S        ly^'OS 

whence,  taking  the  square  root  of  both  sides, 

p~vy 

760  s 

The  diameter  of  stay-bolts  at  the  base  of  the  thread,  strained  to  the 
elastic  limit  simultaneously  with  the  plate,  is  given  by  this  formula : — 

d'  =  -0024  z/—-^- 

d^  =  Diameter  of  the  stav-bolts  at  the  base  of  the  thread. 
P  =  Pitch  of  the  stay-bolts  in  inches  between  the  centres,  longitudinally. 
P^  =  Pitch  of  the  stay-bolts  in  inches  between  the  centres,  transversely. 
p   =  Total  elastic  pressure  in  lbs.  per  square  inch  on  the  plate. 
s    =  Elastic  tensile  strength  in  tons  per  square  inch. 
For  bolts  of  wrought-iron,  steel,  or  copper,  having  respectively  12  tons, 
14  tons,  and,  say,  8  tons  per  square  inch,  elastic  tensile  strength,  the  formula 
becomes,  by  substitution  of  these  values  for  s,  and  reducing — 

Proper  diameter  of  stay-bolts  at  the  base  of  the  thread  for  flat  stayed 
plates, 

When  P  =  Pi_ 

Wrought-iron  d^  =  '0069  i/p  P^  p:  or  -0069  V   ^1  p 
Steel  d^  -  •C064  VFP^  />:  or  -0064  P  ^"~p 

Copper  d^  =  -0084  v^ppi^:  or  -0084      l/p 

With  regard,  next,  to  the  amount  of  longitudinal  shearing  stress  on  the 
bolt,  it  may  be  taken  practically  as  identical  with  the  shearing  stress  on  the 
plate,  although,  in  reality,  the  area  for   shearing   stress  on  the  plate  is 
.  ?braewhat  more  than  that  in  the  bolt. 


-^\ 


Working  pressure  tor  screwed  stays.  i7f 

The  Diameter  of  Screwed-stays  for  Flat  Sur&ces,  the  ends  of  th^ 
stays  to  be  riveted  over  to  form  a  substantial  head,  may  be  found  by  this 

Square  inches  of  surface  supported  x  working  pressure 
Stress  per  square  inch  of  section  of  the  stay 

The  stress  per  square  inch  of  net  section  on  the  stays  may  be  =  49000  lbs.' 
■^  7  =  7000  lbs.  for  wrought  iron,  and  9000  lbs.  for  mild  steel. 

Example :  Required  the  diameter  of  a  solid  iron  screwed  stay  to  support 
the  flat  surface  of  a  combustion-box  with  stays  of  7^  inches  pitch. 

The  surface  supported  by  each  stay  is  =  7*5  inches  x  7*5  inches  =  5625 
square  inches,  and  the  maximum  stress  allowed  on  the  stay  is  7000  lbs.  per 
square  inch  of  net  section. 

Th       5^' ^5   square  inches  x  967  lbs,  working  pressure  __  • 

7000  lbs.  stress  per  square  inch 

A  /    777,  — I  jjjcij  diameter  of  the  stay  at  the  bottom  of  the  thread. 
V  7854 

The  Working-Pressure  for  Screwed  Stays,  for  flat  surfaces,  having 
the  ends  riveted  over  to  form  a  substantial  head,  may  be  found  by  this 
Rule  : 

Area  of  stay  in  square  inches  x  stress  in  lbs.  per  square  inch  allowed  on  the  stay, 
Surface  in  square  inches  supported  by  each  stay. 

Example ;  A  marine-boiler  having  the  flat  surface  of  the  combustion- 
box  supported  by  solid  iron  screwed  stays  of  8  inches  pitch,  has  been 
working  at  60  lbs.  pressure  per  square  inch.  On  examining  the  boiler  the 
plates  were  found  to  be  sound  and  suitable  for  that  pressure,  but  the  area 
of  each  stay  was  reduced  by  corrosion  to  '4115  square  inch.  Required  the 
proper  working  pressure  of  the  boiler. 

TKf^n  '^^^5  square  inch  x  7000  lbs,  maximum  pressure  allowed^,       ,, 
8  inch  pitch  of  stays  x  8  inch  pitch  of  stays  —  ^5 

per  square  inch,  the  required  working  pressure,  showing  that  the  boiler  has 
been  worked  at  60— 45=15  lbs.  too  high  a  pressure. 

The  Strain  per  Square  Inch  of  Section  of  a  Stay  for  a  flat  surface, 
may  be  found  by  this  Rule : 

Surface  supported  by  each  stay  in  square  inches  x  pressure  of  the  steam 

Area  of  each  stay  in  square  inches 

Example :  The  pitch  r{  the  etays  of  a  combustion-box  is  8  inches  ;  the 
pressure  of  the  steam  is  45  lbs.  per  square  inch ;  the  area  of  each  stay 
is  -4115  square  inch.  Required  the  strain  on  the  stay  per  square  inch  of 
section. 

Then  the  surface  supported  by  each  stay = the  square  of  the  pitch  and 
8  inches  x  8  inches  pitch  x  45  lbs,  gressurg  ^  ^^     ^^^  ^^^^ 

•41 15  square  mches  area  of  each  stay 
inch  of  section  of  each  stay- 
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Til*  Diunatcr  of  tha  swelled  poition  of  a  Bound  Stay,  con- 
taining a  cotier-hole,  may  be  found  by  ihe  following  Rule  ;— 

Diameter  of  ,..^\\  =  ^ ^^^^^^±^^^K^^!}^^L^' 
^  7854 

Example:  The  diameter  of  a  stay  is  ij  inches,  what  size  should  the 
stay  be  swelled  for  a  cotter-hole  1}  inches  long  by  |  inch  thick,  in  order  to 
be  of  equal  strength  to  the  solid  portion  of  the  stay. 

Then  ^C'7l><^7Tx.7«!4±I:75iil7:s.,-98,  or  say  2  inches,  the 

diameter  of  the  stav  after  being  punched. 

Stars  for  tlio  rut  SozfkoM  of  Vatar-Spaood  FlatM. — Stud-stays, 
screwed  into  platesforiningwaler-spaced 
compartments  of  sleani  l>oilers,  shown 
in  Pig.  70,  each  sustain  a  pressure 
measured  by  a  recunglt-  contained 
between  four  stays,  the  side  of  the 
rectangle  being  equal  lo  the  pilch  of 
Uie  stays.  Plates  siayed  in  this  manner 
are  liable  to  fail  from  the  siripping  of 
the  screw-threads  either  from  the  plate 
or  from  the  stay-bolt,  Tlie  plate,  how- 
ever, in  some  cases  becomes  s>o  much 
bulged  and  stretched  by  pressure,  and 
i■\^  r'.  Firci.>x  ri,.fM,.y'.  the holcs SO much widencd, that ilie pUte 

slips  ofi  the  stay-bolt  without  materially 

damaging  the  screw-threads,  and  to  prevent  this  taking  place  the  stays  are 
s  fitted  with  nuts. 


Fig.  71.— Coaibiutiiin.chunbcr,  Fij,  7».-Conibosiicir-dBOiber  Uayt. 

The  combustion  chamber  of  a  marine  return-tube  boiler  is  either  confined 
to  one  furnace-tube,  or  is  common  to  two,  four,  or  six  furnace-tubes.  Com- 
bustion-chambers are  frequently  too  small  to  permit  economical  combustion 
of  the  fuel-gases.  The  sides  of  combustion-chambers  are  stayed  as  shown 
in  Figs.  71  and  72. 

Smoke-Tabra  of  St«ain-Boil«rs. — ^The  higher  the  velocity  of  the 
products  of  combustion  through  smoke  tubes,  the  larger  should  be  the 
ratio  of  their  length  to  their  diameter. 
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The  external  diameter  of  the  smoke-tubes  of  marine  boilers  generally 
equals  2  J  inches  for  boilers  8  feet  diameter ;  2f  inches  for  9  feet  diameter ; 
3  inches  for  10  feet  diameter;  3^  for  11  feet  diameter;  and  3i  inches 
for  boilers  12  feet  diameter  and  upwards.  The  space  between  the  tubes 
should  be  equal  to  one-half  the  external  diameter  of  the  tube,  in  order 
to  allow  the  rising  steam  to  escape  freely  and  be  readily  replaced  by  water. 
When  the  tubes  are  placed  too  closely  together,  the  steam  cannot  be  properly 
detached,  and  replaced  by  water,  therefore  the  water  becomes  excessively 
charged  with  steam,  which  cannot  absorb  and  conduct  heat  so  readily  as  water ; 
hence,  the  heating-surfaces  are  liable  to  become  overheated  and  strained  or 
deformed  in  shape,  and  the  evaporative  power  of  the  boiler  is  diminished. 
The  bottom  rows  of  tubes  are  of  very  little  value  as  heating-surfaces,  because 
the  bulk  of  the  gases  rise  to  the  top  of  the  fire-box  and  escape  through  the 
top  rows  of  the  tubes,  and  very  little  of  the  escaping  gases  pass  through  the 
bottom  rows  of  tubes.  The  first  foot  in  length  at  the  fire-box  end  of  a 
boiler-tube  is  much  more  effective  heating-surface  than  the  remainder  of 
the  length  of  tube ;  it  has  been  found  that  one-half  of  the  steam  generated 
by  tube-surface  is  produced  from  a  length  of  tube,  measured  from  the  fire- 
box, equal  to  about  one-sixth  the  total  length  of  the  tube. 

The  flame  enters  the  tubes  at  about  from  2100°  to  2400°  Fahr.  and  leaves 
about  425°  Fahr.  in  the  boilers  of  portable  engines,  and  at  about  600°  Fahr. 
in  Cornish,  Lancashire,  and  marine  boilers  with  natural  draught,  and  at 
about  from  700°  to  800°  Fahr.  on  an  average  in  locomotive  boilers.  The 
length  of  boiler-tubes  averages  in  marine  boilers,  twenty-four  times  their 
external  diameter.  Only  the  top  half  of  boiler-tubes  can  be  regarded  as 
effective  heating-surface. 

The  Eeating-Snr&oe  of  Boiler-Tubes  or  the  tube-surface  of  boilers 
is  the  product  of  the  external  circumference  of  the  tubes  by  the  length  between 
the  tube-plates.  The  heating-surface  of  the  tube-plates  is  the  area  of  the 
plates  minus  the  area  of  the  Tube-holes,  hence  the  following  Rules : — 

The  total  heating-surface  of  boiler-tubes  in  square  feet  = 
3*1416  X  external  diameter  of  tube  in  ins,  x  length  in  ins,  x  number  of  tubes 

The  total  heating-surface  of  each  tube-plate  in  square  feet  = 

(Length  in  ins,  x  width  in  ins.) —(7854  x  diameter*  x  number  of  tubes) 

144 

Example, — Required  the  heating-surface  of  the  tubes  and  tube-plates  of 
a  marine  boiler  with  231  tubes  3^  inches  external  diameter,  and  7  feet 
3  inches  long  between  the  tube-plates,  the  tube-plates  being  each  12  feet  by 
5  feet. 

rpt       3-1416  X   3I  inches  diameter  x   87  inches  long  x   231  tubes  __ 

144  ^ 

13427  square  feet  heating-surface  of  the  tubes. 

^^j  (144  inches  X  60  inches)  ->  (7854  x  3-5  x   3-5  x  231)  _.      ^  . 

144 

N  a 
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square  feel;  the  heating-surface  of  one  lube-plate, and  44*5^  x  2  =  89*12 
square  feet,  the  heating-surface  of  both  tube-plates.  The  total  surface  of 
the  tubes  and  tube-plates  being  =  13427  -f  89-12  =  143 172  square  feet, 
including  both  the  tube-plates,  but  as  the  smoke-box  tube-plate  is  not 
effective  heating-surface,  it  should  not  be  included  in  the  calculation,  and 
only  one  of  the  tube-plates  should  be  added  to  the  tube-surface  in  the  above 
calculation  to  arrive  at  the  total  heating-surface. 

The  Eeating-Siir&ca  of  Boiler-Tubes  may  also  be  calculated  by 
the  following  Rule,  which  gives  the  total  heating-surface  of  the  tubes  in 
square  feet. 

Rule :  Multiply  the  decimal  number  in  the  following  Table,  opposite  the 
diameter  of  the  tube  in  inches,  by  the  length  of  the  tube  in  feet,  the  product 
is  the  area  of  each  tube  in  square  feet ;  hence,  multiply  by  the  number  of 
tubes,  and  the  product  is  the  total  heating-surlFace  of  the  tubes  in  square 
feet ;  but  only  about  two-thirds  can  be  taken  as  effective  heating-surface  for 
the  production  of  steam. 


External 

Diameter  ot 
tubes  in 
inches. 

If. 


2^ 


Bsteraal 

Diameter  of 

Decimal 

tubes  in 

Numbers 

inches. 

.        3926 

3t 

.      -4580 

3t- 

.      -5234 

34 

.      -5888 

4     . 

.      -6543 

4i 

.      7197 

5     • 

.      7854 

6 

Example, — Required  the  total  tube-surface  and  effective 
surface  of  a  marine  boiler  containing  250  tubes  3^  inches 
7  feet  in  length. 

Then  '9163  x   7  feet  x  250  tubes  =  1603-5  square  feet, 


Decimal 
Numbers. 

•8508 
•9163 
•9817 

ro47i 
1*1778 
1-3088 
1-5708 


heating  tube- 
diameter,  and 


surface,  and 


1603-5  X  2  __ 


total  heating- 
=  1069  square  feet  effective  heating-surface. 


Holding-Power  of  Iron  Tubes  in  Tube  Plates.— The  holding 
power  of  iron  tubes  in  tube  plates  was  found  in  some  experiments  to  be 
as  follows : — 

Stress  at  which 
the  tube  yielded 
in  pounds. 

26900 
20250 
17300 
22700 
21600 
20500 
19000 
7500 
5000 


Tube  with  ends  expanded  and  riveted  over 

Ditto  ditto  ditto        ditto 

Ditto  ditto  ditto        ditto 

Tube  with  ends  fitted  with  iron  ferrules,  but  not  beaded     . 

Ditto               ditto                ditto                 ditto 
Tube  with  ends  expanded  and  flared 

Ditto  ditto  ditto 

Tube  with  ends  expanded,  but  neither  flared  nor  beaded    . 

Ditto  ditto  ditto  ditto 

The  tubes  generally  failed  by  tearing  close  to  the  ends  behind  the 
riveting. 


SERVE  RIBBED  SMOKE-TUBES. 


I8l 


Serve  Bibbed  Tubes  are  formed  with  internal  longitudinal  ribs,  as 
shown  in  Fig.  7 2 a,  for  the  purpose  of  increasing  the  heat-absorbing  surface 
presented  to  the  escaping  products  of  combustion.  Their 
external  or  heat-emitting  surface  is  the  same  as  that  of 
plain  tubes  of  the  same  external  diameter. 

It  was  found  in  some  tests  that  the  same  evaporative  results 
a-e  obtained  with  ser\e  tubes  as  with  plain  tubes  of  equal 
diameter,  but  twice  the  length.  The  heat  transmissive 
efficiency  of  these  tubes  is  fifty  per  cent,  greater  than  plain 
tubes  of  equal  external  diameter  and  lengih.  Serve  tubes 
were  found  to  effect  a  saving  of  fuel  of  about  10  per  cent, 
wiih  natural  draught,  and  15  per  cent,  with  forced  draught. 

Experience  proves  that  when  a  steam-boiler  is  fitted  with  Fer\*c  tubes  of 
3}  inches  diameter  and  7  feet  long,  the  temperature  of  the  fuel-gases  in  the 
smoke-box  is  the  same  when  the  ratio  of  the  heating  surface  to  the  fire-grate 
5;urface  is  28  to  i,  as  that  obtained  with  plain  tubes  with  a  ratio  of  heating 
surface  to  gra'.e  surface  of  40  to  i. 

Sjrve  tubes  are  composed  of  very  mild  steel.  For  locomotive  boilers 
they  are  generally  either  2  i  or  2  J  inches  external  diameter ;  and  for  marine 
return-tube  boilers  they  are  from  3}  to  4 J  inches  external  diameter. 


Fig.  72A. 

Serve  smoke-tube. 


Table  73. — Heat-absorbing  Surface  in  Square  Feet  per  Foot  in  Length 
OF  Serve  Ribbed  Tubes,  Measured  on  the  Internal  Circumference 
and  ox  both  sides  of  the  Ribs.     (John  Brown  &  Co.,  Limited.) 


External  Diameter  of  the  Tube  in  Inches. 

Thickness 
in  Inches. 

2h 

^ 

3 

3i                3i 

32 

4 

4^ 

Heat-absorbing  Surface  In  Square  Feet  per  Foot  in  Length  of  the  Tube. 

•128 

I  064  2 

1-2755 

1-4300 

1-4954 

1-6442 

1*7097 

^^^^ 

•144 

10557 

1*2670 

1-4213 

1-4867 

1-6355 

1-7011 

1*8498 

1-8135 

•160 

I -04  74 

1-2586 

1-4130 

1-4784 

1-6272 

1*6927 

1-8415 

1*8051 

•i;6 

I  0389 

1-2501 

1-4045 

14699 

1-6187 

1*6842 

1-8330 

1-7967 

•192 

1-2418 

i'396i 

1-4615 

I '6 104 

1-6760 

1*8245 

1-7884 

•212 

— 

1-3856 

1*45" 

1-6000 

16654 

1*8141 

1*7779 

•232 

— 

— 

13751 

14405 

1-5894 

1-6549 

1-8036 

1-7674 

•252 

— 

— 

I  3646 

1-4301 

1-5789 

1-6444 

1-7931 

1-7569 

•276 

13521 

1-4175 

1*5664 

1-6319 

1-7806 

1-7444 

•300 

13396 

1-4050 

1-5538 

16193 

1-7681 

17318 

1-0331 

12443 

13986 

1-4641 

1*6129 

1-6784 

1*8271 

1-7909 

1 

4 

— 

1-3657 

i'43" 

1*5800 

1-6455 

1*7942 

1-7580 

5 

— 

1-3330 

1-3984 

1-5472 

1-6127 

17615 

17252 

s 

— 

I  3002 

1-3656 

1-5145 

1-5800 

17287 

1*6925 

iV 

— 

1-5472 

1*6960 

1-6597 

i 

~ 

•"• 

I 

1*6633 

1-6270 

RelaUve 

Preseore  of  the  steam 

Relative 

▼oluma 

above  the  atmosphere 

volume 

of  the  steam. 

in  lbs. 

per  square  inch. 

of  the  steam. 

717 

140 

182 

563 

150 

172 

468 

160 

163 

400 

180 

148 

350 

190 

141 

3" 

200 

i3«^ 

281 

220 

124 

257 

230 

119 

237 

240 

"5 

206 

250 

III 
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STEAM-SUPPLY  OF  STEAM-BOILERS. 

Space  oooupied  by  Steam. — ^The  volume  or  space  occupied  by  the 
steam  in  a  boiler  as  compared  with  the  water  from  which  it  was  generated, 
or  the  relative  volume  of  the  steam,  is  found  by  multiplying  the  volume  in 
cubic  feet  of  one  pound  of  steam  by  the  weight  of  a  cubic  foot  of  water  ai 
62^  Fahr.,  which  is  62*355  lbs.  The  relative  volume  of  steam  compared 
with  water,  or  the  number  of  cubic  feet  of  steam  produced  by  one  cubic  fool 
of  water,  is  as  follows : — 

Pressure  of  the  steam 
above  the  atmosphere 
In  lbs.  per  square  inch. 

20 

30 
40 

50 
60 

70 

80 

90 
100 
120 

Steam-Space  of  Xarine  Boilers. — ^The  steam.spacc  should  equal  in 
capacity  at  least  forty  times  that  of  the  high-pressure  cylinders  of  the 
engines,  the  steam  for  which  should  be  taken  from  the  smoke-box  end  of 
the  boiler.    The  height  from  the  top  of  the  top  row.of  the  boiler-tubes  to 

the  top  of  the  boiler- shell,  should  equal  4^ 
inches  for  every  foot  in  diameter  of  the 
boiler. 
Steam   should   be  Drawn  from   a 

It  -  -  -^nj  JL  1    r  jj-*^  -  -  -  -  J  ^1     ^^^^^    through    an    internal    perforated 
j^ -  - -^nj^^y— [^    y-----yi  I     ^.^^^  ^^  shown  in  Fig.  73,  into  which  the 

Fig.  73.-Steam  coiiectinjf-pipe.  Steam  Can  flow  gently  and  steadily,  without 

increasing  the  ebullition,  or  causing  a 
rapid  current  of  steam  which  would  carry  water  with  it  and  produce 
priming.  The  total  area  of  the  perforations  should  be  equal  to  double 
the  sectional  area  of  the  pipe. 

The  Area  and  ITiimber  of  Perforations  required  in  a  Steam- 
pipe  may  be  found  by  this  Rule  :  Multiply  the  area  of  the  steam-pipe  by  2, 
which  will  give  the  total  area  of  the  perforations,  then  divide  by  the  area  of 
one  of  the  perforations,  the  quotient  will  be  the  number  of  perforations 
required. 

Example, — A  steam-pipe,  9  inches  diameter,  inside  a  steam-boiler,  is 
required  with  perforations  or  slots,  each  4^  inches  long  and  \  inch  wide. 
How  many  slots  are  required  to  make  an  area  equal  to  double  the  sectional 
area  of  the  pipe  ? 
Then  9  x  9  x  7854  =  63*6174  square  inches  area  of  the  pipe. 

63-6174  X  2  =  127*2348  square  inches,  total  area  of  the  slots. 
4*25  inches  x  '25  inch  =  1*0625  square  inch,  area  of  one  slot. 
127*2348  -f-   I  06  2  5   =    119*7,  or  say  120,  the  number  of  slots 
required. 
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The  quantity  of  Staaan  luied  by  an  Engine  may  be  foand  by  this 
Rule :  Multiply  the  area  of  the  cylinder  in  square  inches  by  the  speed  of 
the  piston  in  inches  per  minute,  and  by  the  numerator  of  the  fraction  of  the 
cut-off,  and  divide  the  product  by  1728  x  the  denominator  of  the  fraction 
of  the  cut-off  of  the  steam. 

Example  i. — How  many  cubic  feet  of  steam  will  be  used  per  minute,  by 
an  engine  with  a  cylinder  10  inches  diameter  and  20  inches  stroke,  making 
80  revolutions  per  minute,  and  cutting  off  steam  at  ^rd  of  the  length  of 
stroke. 

«.,       10  X  10  inches  x  7854  x  20  stroke  x  2  x  80  revolutions  x  i  _     g.  o 
en  1728x3  ^    ^ 

cubic  feet  of  steam  per  minute,  or  48*48x60=  2908*8  cubic  feet  per 
hour. 

Example  2.  How  many  cubic  feet  of  steam  will  be  used  per  hour  by 
a  pair  of  engines  making  60  revolutions  per  minute  :  diameter  of  cylinders 
50  inches,  length  of  stroke  33  inches,  cutting  off  steam  at  f  the  length  of 
the  stroke  ? 

Th      5°  ^  50  ins.  X  7854  X  33  stroke  x  2  x  60  x  2  engines  x  3  x  60  minutes 

1728  X  4  denominator  of  cut-off 
=404971-8  cubic  feet  of  steam  per  hour. 

The  Quantity  of  Water  eTaporated  in  a  Steam-Boiler  to  Steam 
per  Hour,  required  to  supply  steam  for  a  steam-engine,  may  be  found  by 
this  Rule :  Multiply  the  area  of  the  cylinder  in  square  inches,  by  the  speed 
of  the  piston  in  inches  per  minute,  by  the  numerator  of  the  fraction  of 
cut-off,  and  by  60  minutes :  and  divide  the  product  by  the  volume  of  steam, 
or  number  of  cubic  feet  of  steam  from  one  cubic  foot  of  water,  x  by  1728 
and  by  the  denominator  of  the  fraction  of  the  cut-off  of  the  steam. 

Example :  Required  the  quantity  of  water  evaporated  to  steam  per  hour, 
to  supply  steam  for  a  steam-engine  with  a  cylinder  26  inches.  Length  of 
stroke,  30  inches,  making  80  revolutions  per  minute.  Pressure  of  steam 
by  the  steam-gauge,  90  lbs.  per  square  inch,  cut  off  at  -^  of  the  length  of 
the  stroke. 

Then,  it  will  be  seen  from  Table  78,  that  the  volume  of  steam  of  90  lbs. 
pressure,  or  105  lbs.  absolute  pressure,  is  257,  and 

26  X  26  ins.  X  7854  X  30  stroke  x  2  x  80  revolutions  x  60  minutes  x  g  __ 
257  volume  X  1728  x  12  denominator  of  cut-off  "" 

143*27  cubic  feet  of  water  per  hour  required  to  be  evaporated  to  steam  for 
driving  that  engine. 

Velocity  of  the  Steam  through  the  Steam-Pipe  of  a  Steam- 
Engine. — The  velocity  of  the  steam  through  the  steam-pipe  of  a  steam- 
engine  is  governed  by  the  speed  of  the  engine,  which  is  equal  to  the 
product  of  twice  the  length  of  the  stroke  in  feet  of  the  piston  multiplied  by 
the  number  of  revolutions  of  the  crank-shaft  per  minute.  The  speed  of 
pistons  ranges  in  practice  from  200  feet  to  2,000  feet  per  minute.  If 
unrestrained,  the  velocity  of  the  steam  is  vastly  greater  than  the  speed  at 
which  any  piston  can  safely  work. 
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Economy  of  Different  Methods   of  Feeding  Steam-Boilers. — 

The  saving  effected  by  the  different  methods  employed  to  feed  boilers 
with  hot  water  compared  with  cold  feed-water  is  frequently  as  follows : — 

Saving  oi  fuel  per  cent. 

Pump  feeding  a  steam-boiler  with  cold  water       .  from  o  to  o 

Injector,  without  a  water  heater,  feeding  the  boiler  with 
water  at  from  150°  to  170°  Fahr from  2  to  8 

Injector  feeding  water  through  a  heater  into  the  boiler 
at  from  160°  to  206^  Fahr.       .        .        .        .        .    from  7  to  10 

Steam-pump  using  steam  from  the  boiler  it  feeds,  feed- 
ing water  through  a  heater  into  the  boiler  at  from 
180°  to  210°  Fahr from  9  to  13 

Feed-pump  worked  by  an  eccentric  on  the  crank-shaft 
of  the  steam-engine,  forcing  water  through  an  econo- 
miser  into  the  boiler  at  from  230**  to  320°  Fahr.        .    from  15  to  25 

The  last  method  of  feeding  a  boiler  is  the  most  economical. 


SAFETY-VALVES  FOR  STEAM-BOILERS. 

A  Safety-Talve  should  discharge  steam  so  rapidly,  that  when  the 
blowing-off  pressure,  for  which  the  valve  is  set,  is  reached,  no  considerable 
increase  in  the  pressure  of  steam  can  take  place,  however  rapidly  the  steam 
is  generated.  When  the  steam  is  shut  off  from  the  engine,  with  a  good  fire 
in  the  furnace,  or  should  the  fires  be  forced,  the  safety-valve  should  prevent 
the  pressure  of  the  steam  rising  above  a  fixed  point,  and  it  should  carry  off 
all  the  steam  generated,  without  the  initial  blowing-off  pressure  being 
exceeded  by  more  than  10  per  cent. 

The  top  of  a  safety-valve  is,  where  convenient,  preferably  made  open  to 
the  atmosphere,  as  it  can  then  easily  be  seen  when  the  steam  has  risen  too 
high  in  the  boiler,  or  when  the  valves  are  leaky  and  are  wasting  steam. 
When  the  valves  are  bonneted,  or  provided  with  a  casing  over  the  valve, 
to  which  a  waste-steam  pipe  is  attached,  a  drain-pipe  should  be  inserted  at 
the  lowest  point  of  the  pipes,  to  cany  off  the  water  formed  from  the 
condensed  steam,  otherwise  water  will  accumulate,  which,  besides  causing 
additional  load  on  the  valve,  is  liable  to  freeze  in  frosty  weather  and  render 
the  valve  inoperative.  Two  small  safety-valves  are  more  eflBcient  than  one 
large  one. 

Flow  of  Steaan  throngh  Safety-Talves. — ^The  velocity  with  which 
steam  will  flow  through  an  orifice  from  a  boiler,  such  as  a  safety-valve,  is 
the  same  as  that  of  a  body  falling  by  gravity  from  the  height  of  a  column 
of  steam  of  uniform  density.    The  formula  for  gravity  is : — 


V=y2^A,  orV=8  ^  h 

Where  V  =  the  velocity  in  feet  per  second. 

g  =  the  veloci^  acquired  by  a  body  in  falling  freely  from  a  state 
of  rest,  at  the  end  of  one  second,  being  3 2 '2  feet  per  second. 
h  =  the  height  in  feet  through  which  the  body  falls. 

Example :  Required  the  velocity  with  which  steam  of  75  lbs.  per  square 
inch,  absolute  pressure,  will  issue  through  an  orifice,  or  a  safety-valve. 
Then,  as  a  column  of  water,  2*309  feet  high,  will  equal  a  pressure  of  i  lb. 
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per  square  inch,  the  pressure  will  equal  60  x  2*309  =  1 38*54  feet  of 
water.  It  will  be  seen  from  Table  78,  that  the  volume  of  steam  of 
75  lbs.,  absolute  pressure,  is  349  times  greater  than  water,  and  the 
height  of  the  column  of  steam  will  be  138*54  feet  x  349  =  48351  feet; 
the  velocity  due  to  that  height  will,  by  the  above  formula,  be  V48351  ^  8 
=  1 760  feet  per  second. 

The  now  of  Steam  tlixongh  an  Orifice  or  a  Safety-Talve,  if 
there  were  no  diminution  in  the  area  of  the  jet  of  issuing  steam,  would  be, 
in  cubic  feet  per  second,  through  ah  orifice  i  square  inch  in  area,  equal  to 
the  velocity  in  feet  per  second,  found  by  the  previous  rule,  divided  by  144. 
Thus,  for  the  pressure  of  steam  given  in  the  last  example,  the  velocity  was 
found  to  be  1 760  feet  per  second ;  therefore,  the  quantity  of  steam  dis- 
charged through  an  orifice  i  square  inch  in  area,  would=-^ — =12*2 2  cubic 

144 

feet  per  second  of  steam  of  75  lbs.  absolute  pressure.  But  the  area  of  the 
issuing  jet  of  steam  in  passing  through  the  narrow  opening  of  the  valve  is 
reduced  to  '64  of  the  actual  area,  and  the  actual  quantity  discharged  will  be 

17  o  ee   X — 4_  ^.g^  cubic  feet  per  second,  or  782  x  60  x  60  =  28152 

144 
cubic  feet  of  steam  per  hour. 
The  Flow  of  Steam  through  an  Orifice,  or  Safety-valve  per 

square  inch  of  orifice,  is  frequently  taken  as  being  equal  to  -f^  of  the 
absolute  pressure  of  the  steam,  for  pressures  above  12  lbs.  per  square  inch 
above  the  atmosphere.     Hence  the  following  Rules : — 

Flow,  or  weight  of  steam  in  lbs.  per  second,  per  square  inch  of  orifice  = 

absolute  pressure  of  steam  in  lbs. 

_- 

Flow,  or  weight  of  steam  in  lbs.  per  minute  per  square  inch  of  orifice = 
absolute  pressure  of  steam  in  lbs  x  60,  absolute  pressure  x  6 

These  rules  give  the  flow  of  steam  through  the  best  form  of  orifice,  that  is, 
with  a  round  edge,  but  as  a  square-edged  orifice  like  a  safety-valve  reduces 
the  flow  to  the  extent  of  15  per  cent.,  the  rules  become : — 

Flow,  or  weight  of  steam  in  lbs.  per  second,  per  square  inch  of  orifice  = 

absolute  pressure  of  steam  in  lbs,  x  85 

70  X  100 

Flow,  or  weight  of  steam  in  lbs.  per  minute,  per  square  inch  of  orifice  = 

absolute  pressure  of  steam  in  lbs,  x  85  x  60 

70x100 

Example:  What  weight  of  steam  of  75  lbs.  absolute  pressure  per  square 
inch,  will  escape  through  the  orifice  of  a  safely-valve  of  one  square  inch 
area  in  one  minute  ? 

Then75jb!Ol85x6o^      61bs. 
70  X  100 

now  of  steam  through   a  Pipe. — In  an  experiment  on  a  loco- 
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motive-boiler,  fired  hard,  Mr.  Webb  found  that  all  the  steam  generated  was 
discharged  through  an  open  pipe  f  inch  diameter,  without  raising  the 
pressure  more  than  lo  lbs.,  and  a  pipe  i\  inch  diameter,  was  sufficient  to 
discharge  it  as  fast  as  generated  without  raising  the  pressure,  which  was 
however  very  high  at  the  beginning. 

Safety-valves  are  loaded  directly  by  springs  or  weights,  or  indirectly 

by  levers  and  weights.     When  the  fulcrum 

J  A I is  secured  by  a  pin,  the  hole  in  the  lever 
^liii^m/nsssS^^''^^^  should  be  bushed  with  brass  to  prevent  cor- 
np^^  rosion.    In  some  cases  the  lever-end  is  ar- 

l^Ty  (  ranged  to  turn  on  a  case-hardened  knife- 

3=~^--OV-  edge  as  shown  in  Fig.  74,  by  which  arrange- 

^        ^  ment  the  friction  is  reduced  to  a  minimum. 

Fig.  74.— Locomotive  safety-valve.         Safety-Talves    loaded    wlth    XieTer 

and  Weight. — In  order  to  find  the  weight 
to  be  placed  on  the  end  of  a  safety-valve  lever,  to  balance  a  given  pressure 
of  steam  on  the  valve,  it  is  necessary  to  ascertain  the  load  on  the  valve  due 
to  the  weight  of  the  lever.  The  leverage  with  which  the  weight  of  the 
lever  acts  is  measured  by  the  distance  of  its  centre  of  gravity  from  the 

fulcrum  ;  the  centre  of  gravity 
may  be  found  by  balancing  the 
lever  on  a  knife-edge,  and  the 
weight  of  the  lever  and  valve  may 
be  obtained  by  weighing  them. 

In  Fig.  75,  w  is  the  weight  at 
the  end  of  the  lever ;  l  is  the 
distance  between  the  weight  and 
the  fulcrum;  g  is  the  distance  of 
the  centre  of  gravity  of  the  lever 
from  the  fulcrum ;  z  is  the  distance  between  the  centre  of  the  valve  and 
the  fulcrum. 

The  Weight  to  be  placed  at  the  end  of  the  Ijever  of  a  Safety- 
valve,  the  pressure  on  the  valve,  and  the  length  of  lever  required  for  a 
safety-valve,  may  be  found  by  the  following  formulae : — 

Let  W  =  the  weight  in  lbs.  at  the  end  of  the  lever. 

L  =  the  distance  in  inches  between  the  weight  and  the  fulcrum. 

w  =  the  weight  of  the  lever  in  lbs. 

G  =  the  distance  in  inches  of  the  centre  of  gravity  of  the  lever  from 

the  fulcrum. 
P  =  the  pressure  of  the  steam  in  lbs.  per  square  inch  above  the 

atmosphere. 
V  =  the  weight  of  the  valve  in  lbs. 
A  =  the  area  of  the  valve  in  square  inches. 
Z  =  the  distance  in  inches  between  the  fulcrum  and  the  centre  of 

the  valve. 

The  weight  in  lbs,  to  he  placed  at  the  end  0/  the  lever -=- 

W=[(PxA)-(v+?^j;-G)]Z 


F»K.  75.  ~Safe»y- valve  with  lever  and  weigfat 
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The  pressure  in  lbs.  per  square  inch  on  the  valve'=. 
The  length  of  lever  in  inches=. 


The  above  formulae  for  safety-valves  may  be  expressed  in  words  as 
follows : — 

The  Weight  to  be  placed  on  the  end  of  the  Lever  may  be  found 
as  follows : — ist :  Multiply  the  area  of  the  valve  by  the  pressure  in  lbs.  per 
square  inch  above  the  atmosphere,  and  call  the  product  a. 

2nd. — Multiply  the  weight  of  the  lever  by  the  distance  of  the  centre  of 
gravity  of  the  lever  from  the  fulcrum,  and  divide  by  the  distance  between 
the  centre  of  the  valve  and  the  fulcrum,  add  the  weight  of  the  valve  to  the 
quotient,  and  call  the  result  b. 

3rd. — Subtract  b  from  a,  multiply  the  remainder  by  the  distance  between 
the  centre  of  the  valve  and  the  fulcrum,  and  divide  by  the  distance  between 
the  weight  and  the  fulcrum,  the  quotient  will  be  the  weight  to  place  on  the 
end  of  the  lever. 

To  Find  the  Fresenre  on  the  Valve  in  Lbs.  per  Square  Znoh 
above  the  Atmosphere. — ist:  Multiply  the  weight  of  the  lever  by  the 
distance  of  the  centre  of  the  gravity  of  the  lever  from  the  fulcrum,  and  call 
the  product  c. 

2nd. — Multiply  the  distance  between  the  weight  and  the  fulcrum  by  the 
weight  at  the  end  of  the  lever,  and  call  the  product  d,  add  c  to  d,  divide  by 
the  distance  between  the  centre  of  the  valve  and  the  fulcrum,  and  add  the 
weight  of  the  valve  to  the  quotient,  then  divide  by  the  area  of  the  valve ;  the 
quotient  will  be  the  steam  pressure  in  lbs.  per  square  inch,  at  which  the 
valve  will  rise. 

To  Find  the  Length  of  Lever,  or  distance  between  the  weight  and 
the  fulcrum. — ist:  Multiply  the  pressure  of  the  steam  in  lbs.  per  square 
inch  above  the  atmosphere  by  the  area  of  the  valve,  and  call  the  pro- 
duct E. 

2nd. — ^Multiply  the  weight  of  the  lever  by  the  distance  of  the  centre  oi 
gravity  of  the  lever  from  the  fulcrum,  divide  by  the  distance  bet^veen  the 
centre  of  the  valve  and  the  fulcrum,  and  add  the  weight  of  the  valve  to  the 
quotient,  and  call  the  result  f. 

3rd. — Subtract  f  from  e,  multiply  the  remainder  by  the  distance  between 
the  centre  of  the  valve  and  the  fulcrum,  and  divide  by  the  weight  at  the 
end  of  the  lever,  the  quotient  will  be  the  distance  between  the  weight  and 
the  fulcrum. 

SaAtj-valves  with  Flat  Faces. — In  calculating  the  weight  required 
for  a  safety-valve  with  a  flat  face,  the  outside  diameter  of  the  face  must  be 
taken ;  thus  a  safety-valve  3 J  inches  diameter,  with  a  flat  face  \  inch  wide, 
should  be  taken  as  3^  inches  diameter,  as  it  will  be  found  that  the  upward 
pressure  on  the  valve  is  that  due  to  the  area  of  the  outside  diameter  over 
the  face,  and  not  to  the  inside  diameter  of  the  valve  as  is  the  case  with  a 
valve  having  an  angular  face. 
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The  following  example  will  show  the  application  of  the  above  rules  for 
safety-valves. 

Example :  Required  the  weight  to  be  placed  on  the  end  of  the  lever, 
the  pressure  on  the  valve  and  the  length  of  lever,  of  a  safety-valve  of  the 
following  proportions : — 

Weight  of  lever  =  8  lbs. 
Diameter  of  valve  =  3^  inches. 
Length  of  lever  =27^  inches. 

Distances  of  the  centre  of  gravity  of  the  lever  from  the  fulcrum  =  10 
inches.     Weight  of  valve  =  4  lbs. 

Pressure  of  steam  above  the  atmosphere  s=  60  lbs.  per  square  inch. 

The  weight  in  lbs,  on  the  lever : — 
(ist).  3*5  X  3-5  inches  x  7854  x  60  lbs.=577*26  lbs.=product  a. 

.     jv  8  lbs,  weight  of  lever  x  10  distance  of  centreof  gravity  from  fulcrum 

3' 5  inches  distance  between  centre  of  valve  and  the  fulcrum 
=  22*85-1-4  lbs.=26*85  lbs.=product  b. 

r     ,v    ■ 577-26— 26-85  X  3-5 _, «.     .        lu 

27*5  inches  distance  between  weight  and  fulcrum  ~        ^         '* 
the  weight  to  place  on  the  lever  for  that  pressure  of  steam. 

The  pressure  on  the  valve  in  lbs.  per  square  inch  : — 

(ist).  8  lbs.  weight  of  lever  x  10  inches  distance  of  the  centre  of  gravity 
from  the  fulcrum=8o  lbs.=product<:. 

(2nd).  27*5  inches  length  of  lever  x  70*052  weight  on  the  lever  = 
1926*43  lbs.=product  d. 

Then  19i6_43±8.o  ^       ^^^  j^^^^  ^^^  5JT26-f  4  lbs,  weight  of  valve 
3*5  inches  ^  9621  sq.  ms.  area  of  the  valve 

=60  lbs.  per  square  inch,  the  pressure  of  steam  at  which 
that  valve  will  rise. 

The  length  of  lever  in  inches : — 

(ist).  60  lbs.  pressure  of  steam  x  9*621  area  of  valve  in  square  inches 
=  57726  lbs.=product  e. 

/  ^v    8  lbs,  weight  of  lever  x  10  inches  distance  of  the  centre  of 

3*5  inches  distance  between  the  centre  of  the  valve  and 
gravity  from  the  fulcrum       ^    o     .        ii_  /-  o     « 

SFTufelS =  "^5  +  4   lbs.  =  26-85  lbs.  = 

product  F. 

(3rd).  5772  — ^  .  ,^^?,^  . —  =  27-5  inches,  the  distance  be- 

•^         70*052  lbs.  weight  on  the  lever  "^ 

tween  the  weight  and  the  fulcrum,  or  the  length  of  lever. 
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Diameter  in  lnches=  ^^'veighfof  the  ball  in  lbs 

V  -5136  X 'ID  cubic  inch  per  lb. 

Then  the  diameter  of  a  cast-iron  ball  for  the  safety-valve  lever  described 

m  the  pre.iom  examples  U=  ^?"°-°5'  '.''l-^ge^^^  °'  >""=S^  inches 

diameter. 

C<nuttmr-1wlaac«d  amtttj-Yalv  L«van. — If  the  le^■er  be  prolonged 
be}'ond  the  fulcnim,  and  provided  with  a  weight  sufficient  to  balance  the 
weight  of  the  levei,  valve,  and  connections,  as  shown  in  Fig.  75A,  then  the 
rules  become  simplified,  and  are  as  follows  : — 

To  find  ike  weight  lo  be  placed  on  the  hver.—RuLK  :  Multiply  the 
pressure  in  lbs.  per  square  inch  above  the  atmosphere  by  the  area  of  the 
valve,  and  by  the  distance  between  the  centre  of  the  valve  and  the  fulcrum, 
and  divide  by  the  distance  between  the  weight  and  the  fulcrum. 

To  find  the  length  of  lever  or  dis.'ance  between  the  weight  and  the 
/ulcru/n. — Rule  :  Multiply  the  pressure  in  lbs.  per  square  inch  above  the 
atmosphere  by  the  area  of  the  valve,  and  by  ibe  distance  between  the 
centre  of  the  valve  and  the  fulcrum,  and  divide  by  the  weight  at  the  end  of 
the  lever. 

To  find  the  pressure  on  the  valve  in  lbs.  per  square  inch  above  the 
atmosphere. — Rule:  Multiply  the  weight  at  the  end  of  the  lever  by  the 
distance  between  the  weight  and  the  fulcrum,  and  divide  by  the  product  of 
the  area  of  the  valve  by  the  distance  between  the  centre  of  the  valve  and 
the  fulcrum. 

SatiBty-TalTe  L«T«r«ith  S^riny  Bklatuw. — When  the  lever  is  pressed 
down  by  a  spring-balance,  as  shown  in  Fig.  76,  the  lever  is  generally  pro- 


Eig-  75A.— Sifelv-val< 


Fif.  76,— Locomotive  ufel7-Tii1ve 


portioned,  so  that  i  lb.  at  its  extremity  balances  i  lb.  per  square  inch  on 
the  valve.  A  ferrule  should  be  placed  on  the  screw  of  the  spring- balance, 
between  the  nut  and  the  caaog,  as  shown  in  Fig.  77,  lo  prevent  the  valve 
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being  tampered  with,  or  overloaded  by  screwing  down  the  spring  beyond 
the  blowing-oS  pressure  for  which  the  valve  is  set. 

Bafrty-TalvM  loaded  with 
Direot-actug  BpringB. — Mr. 

Thomas  Adams  gave  the  fol- 
lowing graphical  method  of 
determining  the  dimensions  of 
helical  springs.  In  fig,  78  draw 
Fig.  7B.-Di»srain  of  a  helical  spring,  "  A  "  equal  to  the  length  of  the 

spring,  and  describe  an  isos- 
celes triangle,  having  the  angle  B  a  c  equal  to  15  degrees;  take  two- 
thirds  of  B  D  as  radius  o  e,  describe  the  semi-circle  and  set  off  the  angle 
E  D  F  equal  to  5o  degrees ;  draw  f  g,  which  gives  the  pitch  of  the  coils,  and 
H  G  is  the  side  of  the  square  of  the  steel  of  which  the  springs  should  be 
made. 

A  spring  for  an  ordinary  spring-loaded  safety-valve  of  a  steam-boiler  is 
shown  in  Fig.  79. 

To  ensure  the  safety  of  a  steam-boiler  in  case  the  safety-valve  sticks  on  its 

seat,  or  becomes  out  of  order,  two  safety-valves  should  be  provided  which 

act  quite  independently  of  each  other,  one  of  which  should  be 

arranged  to  lock  up,  so  that  it  cannot  be  overloaded  or  tampered 

with  by  the  attendant. 

The  face  of  a  safety-valve  should  be  very  narrow,  because  the 
wider  the  face  the  more  difficult  it  is  to  maintain  steam-tight,  and 
the  more  liable  it  is  to  harbour  dirt  and  to  leak. 

The  width  of  a  miire-face  should  not  exceed  one-sixteenth 
of  an  inch,  and  the  width  of  a  flat  face  should  not  be  more  than 
one-eighth  of  an  inch. 
_        A  valve  guided  by  a  central  spindle  is  much  more  liable  to 
Stieiy.yivt  Stick  fast  than  a  valve  guided  by  wings.    The  width  of  the  face 
'p'^-     of  the  wings  should  be  as  small  as  possible. 
When  a  safety-valve  is  loaded  by  a  spring,  the  spindle  should  extend 
through  the  cover  and  be  provided  with  a  socket  and  cross-handle,  to 
allow  the  valve  to  be  lifted  and  turned  round  on  its  seat,  and  its  efficiency 
tested  when  required. 

Provisions  should  be  made  to  prevent  the  valve  of  a  spring-loaded  safety- 
valve  flying  ofE  its  seat  in  case  of  the  spring  breaking. 

A  level-safety-valve  should  have  the  position  of  the  weight  on  the  lever 
determined  by  the  pressure  shown  by  a  correct  steam-gauge  on  the  boiler. 
The  weight  should  then  be  securely  fastened  on  the  lever,  and  its  position 
marked,  to  facilitate  the  replacing  of  the  weight  in  case  it  is  necessary  to 
temporarily  remove  it. 

The  levers  of  safety-valves  should  be  no  longer  than  is  necessary  for  the 
working  pressure  of  the  steam,  to  prevent  the  valve  being  overloaded,  A 
safety-valve  should  permit  free  escape  of  the  waste  steam,  and  it  should 
allow  it  to  escape  without  the  pressure  in  the  boiler  becoming  increased 
during  the  time  the  valve  is  blowing  off. 

Safety-valves  should  be  frequently  examined,  efficiently  tested,  and  main- 
tained in  good  order,  as  if  neglected  they  may  become  unreliable  and 
dangerously  misleading. 
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^rinff-liMutod  Brnft^-Talvam  are  used  for  marine  and  locomotive 
boilers,  because  they  are  nol  aSecled  by  motion  or  vibration.  They  are 
vei7  efficient,  and  they  may  be  so  arranged  that  no  extra  load  can  be 
added  to  the  \-alve  when  under  steam.  A  spring-loaded  safety-valve  for 
a  marine-boiler  is  shown  in  Fig.  8a    The  spring  and  valve  is  cased  in, 


Fit  8o.^-^ngle  ufety-Ttlfb 


Wtg.b.—ItaMtmSttr'nin. 


so  that  no  extra  load  can  be  added  to  the  valve  when  steam  is  up  and 
it  cannot  be  tampered  with.  The  compression  of  the  spring  is  frequently 
made  equal  to  the  diameter  of  the  valve,  and  a  maximum  lift  is  provided 
for  equal  to  one-fourth  the  diameter  of  the  valve.  Easing-gear  is  fitted 
to  the  cap  of  the  spindle,  by  which  the  efficiency  of  the  valve  may  be 
tested ;  the  valve  being  attached  to  the  spindle  to  enable  it  to  be  raised 
or  turned  round  with  the  spindle,  on  which  the  valve  is  hung  loosely 
to  enable  it  to  vibrate  freely.  A  double  safety-valve  for  a  marine  boiler  is 
shown  in  Fig.  81,  which  clearly  shows  the  arrangement  of  gear  for  easing 
the  valve. 

A  Spring-loaded  Bafaty-Talva  foe  th*  Boilsr  of  a  locouotiTS- 
engine  is  shown  in  Fig.  Si.  It  is  fitted  mth  a  lever  and  spring  on  Rams- 
bottom's  principle.    The  advantage  of  this  fonn  of  safety-valve  is,  that  the 
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p.iini  of  attachment  of  the  spring  to  the  lever  being  below  the  points  of  the 

lever  pressing  on  the  valves,  when  one  valve  opens  it  tends  to  relieve  the 

pressure  on  the  other,  whereas  if  the  point  of  al- 

tachment  were  higher,  the  opening  of  one  valve 

would   put  a   greater  weight  on  the    other  valve. 

When  steam  is  suddenly  shut  off  with  a  good  fire 

burning  in  the  fire-box,  the  rise  of  pressure  in  the 

boiler  of  a  locomotive-engine,  filled  with  a  pair  of 

these  safety-valves  3  inches  diameter,  is  not  more 

than  5  per  cent. 

Fig.  B..-LocMBMive  A  spring-loaded  Safttr-Talva  witli  Bftiiut- 

urctj'-vaivE.  bottom'*  L«nr  and  Spring  of  the  pattern  used 

on  locomotives  on  the  London  and  North -Western 

Railway,  is  shown  in  Figs.  83 — 94.    The  valves  are  3  inches  diameter ; 

ihsy  are  loaded  by  a  spring  of  six  coils  of  2J  inches  internal  diameter, 

made  of  steel  ij  inch  by  ||  inch.    The  spring  is  held  between  the  large 

circular  head  of  a  bolt,  and  a  circular  plate  at  the  end  of  a  stirrup-link 

hung  on  the  lever  as  shown.     The  plan  of  the  circular  head  of  this  bolt  is 

siiown  in  Fig.  87.     Fig.  88  is  a  plan  of  the  disc  against  which  the  spring  abuts 

at  its  lower  end.     Fig.  89  is  a  plan  of  the  stirrup-link,  and  Fig.  90  is  a 

plan  of  one  of  the  valves.     The  spring  is  placed  in  a  recess  in  the  casting, 

which  has  side  openings  fitted  with  the  perforated  plates  shown  in  Fig.  91, 

and  the  top  of  the  recess  has  a  perforated  cover  attached  to  the  lever, 

shown  in  plan  in  Fig.  92,  their  object  being  lo  prevent  the  spring  being 

tampered  with.     The  lever  is  shown  in  Figs.  93  and  94, 

TIm  Lift  o£  a  Safsty-yalTS,  with  a  flat  face,  necessaiy  to  give  a  free 
escape  of  the  steam  equal  to  the  area  of  the  valve,  is 


circumference 

that  is,  the  lift  must  be  equal  to  one-fourlh  the  diameter  of  (he  valve  for  the 
area  of  ^ening  for  the  escape  of  the  steam  to  be  equal  to  the  area  of  the 
valve.  Thus  a  safety-valve  45  inches  diameter  must  lift  4'5-t-4^i  J  inche. 
to  obtain  an  escape  equal  (0  the  area  of  the  valve. 

TiM  FrawniT*  or  Load  reqiur«d  to  Lift  a  Safit^-valT*,  having  a 
flat  face,  a  given  height  when  loaded  for  a  given  pressure  of  steam,  may  be 
found  as  shown  by  the  following  example  : — 

Example :  A  safety-valve,  4  inches  diameter,  with  a  flat  face,  is  loaded 
with  a  spiral-spring  having  a  compression  of  4  inches ;  the  working  pres- 
sure of  steam  for  which  the  valve  is  loaded  is  80  lbs.  per  square  inch. 
Required  the  lift  of  the  valve  to  give  an  area  of  escape  equal  to  one-sixth 
the  area  of  the  valve,  and  what  will  l>e  the  extra  load  on  the  valve  due  to 
that  lift  ? 

Then  4  inches  diameter  of  vahe  -^4=1  inch  lift  to  give  an  escape 
equal  to  the  area  of  the  valve,  and  one-sixth  of  i  inch  =  "166  inch,  the  lift 
required  to    gire  an  escape  equal  to  one-sixth   the  area  of  the  valve^ 


,  4  inche.  dimeter  X,  ^  ._  ,5  .^^^ 

4X6 
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Fit*.  Ij— 94.— Dctaili  of  laCctjr-nlva  witb  RamibixUHii'i  leMT  and  ipring. 
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The  compression  of  the  spring  will  be  increased  to  4  +  'i66  inch=4'i69 
Inches,  and  the  pressure  will  be  increased  in  the  same  proportion. 

Then  4  :  '166  :  :  80  :  3*32  lbs.,  the  extra  load  on  the  valve,  due  to  the 
compression  of  the  spring  to  the  extent  of  the  lift.  And  80  lbs.  working 
load  +  3*32  lbs.  extra  load  =  83  3 2  lbs.  the  lifting  load  of  the  valve. 

The  Weight  of  Steam  that  will  escape  through  an  Orifice  i  inch 
square  in  area  in  70  seconds  is  equal  to  the  number  of  pounds  in  the  gross 
pressure  of  steam  per  square  inch,  for  steam  above  12  lbs.  pressure  above 
the  atmosphere,  whence  the  width  of  opening  of  a  safety-valve  may  be 
ascertained. 

Example :  Required  the  width  of  opening  or  height  to  which  a  safety- 
valve,  4  inches  diameter,  must  rise  to  allow  7300  lbs.  of  steam  to  escape 
per  hour,  the  boiler-pressure  of  the  steam  shown  by  the  steam-gauge  being 
65  lbs.  per  square  inch.  Then  the  absolute  pressure  of  the  steam  is  65  lbs. 
+  15  lbs.  =  80  lbs.  per  square  inch,  and  there  are  60  x  60  =  3600  seconds 
in  an  hour  .*.  70  seconds  :  3600  seconds  :  :  80  lbs.  :  41 14*28  lbs.  weight 
of  steam  escaping  in  one  hour  through  an  orifice  of  one  square  inch 
area  .*.  4114*28  lbs.  :  7300  lbs.  :  :  i  square  inch  :  1767  square  inch,  the 
area  required  for  the  escape  of  73CX)  lbs.  of  steam  in  one  hour  and 

.    ^yy^y  ^9^^^^^ _=  .125  inch  or  J  inch,  the  lift  of 

4*5  mch  diameter  of  valve  X3*i4i6 

safety-valve  required  to  allow  the  escape  of  that  quantity  of  steam  per 

hour. 

The  Increase  of  ProMnre  on  a  Spring-loaded  Safety-Talve  due 

to  the  Increased  Compression  of  the  Spring  in  Blowing  off  Steam 

when  the  fires  are  bright  and  the  engines  stopped,  is  approximately  equal 
to  the  quotient  of  the  diameter  of  the  valve  divided  by  the  original  com- 
pression of  the  spring,  when  the  area  of  the  valve  equals  \  inch  per  square 
foot  of  fire-grate. 

Example :  The  spring  of  a  safety-valve  has  a  compression  of  4f  inches, 
there  are  39*28  square  feet  of  fire-grate  to  the  valve,  the  loaded  pressure  is 
60  lbs.  per  square  inch,  the  increase,  irrespective  of  the  spring,  would  be, 
say,  10  per  cent. :  to  what  pressure  would  the  steam  rise,  including  the  effect 
of  the  spring  ? 

Then  the  diameter  of  the  valve  according  to  the  above  proportion 

,.,^.,1^  u^  39*28  square  feet  area  of  firegrate  .^  .    , 

would  be  ^^ ^ 2 —  =  19  64  square   mches  area, 


and    Ay-i_i=5  inches  diameter. 


7854 

A«.^   5  inches  diameter  of  safety-valve  ii_       .  j      * 

And  -^- , -~- ^.- =1*052  lb.  extra  pressure  due  to 

475  compression  of  the  spnng  "^  *^ 

increased  compression  of  the  spring,  and  60  lbs.  original  pressure,  -h  6  lbs., 
or  10  per  cent,  increase,  irrespective  of  the  spring  =  67052  lbs.  per  square 
inch,  the  pressure  to  which  the  steam  would  rise  on  blowing-off. 

The  Extra  Pressure  on  a  Direct  Spring-loaded  Safety-Talve  due 
to  the  Waste-pipe  becoming  filled  with  Water,  may  be  found  by  the 
following  formula : 


SAFETY-VALVE  OPENINGS.  I95 

Let  P  =  the  pressure  in  lbs.  per  square  inch  due  to  the  weight  of  the 
water,  then  as  a  pressure  of  i  lb.  per  square  inch  is  exerted  by  a  column  of 
water  2*309  feet  hi^h  or  277  inches  high  at  a  temperature  of  62°  Fahr, 

p  _  Height  of  the  column  of  water  in  feet 

""  2^309 

p_  Height  of  the  column  of  water  in  inches 

"*  277 

Example:  The  waste-steam-pipe  of  a  spring-loaded  safety-valve  was 

found  at  one  time  to  be  filled  \nth  water  to  a  height  of  8  feet,  and  at 

another  time  to  a  height  of  4 1  inches.     Required  the  extra  pressure  caused 

in  each  case  by  the  weight  of  the  water  on  the  safety-valve. 

8  feet 
Then— =  3*46  lbs.  per  square  inch,  the  pressure  due  to  the  weight 

•/  • 

of  the  water  on  the  valve  in  one  case:  and  ^— =   i'48    lbs.    per 

277 

square  inch,  the  pressure  due  to  the  weight  of  the  water  on  the  valve  in  the 

other  case. 

Safety-valve  Openixige. — ^The  consumption  of  coal  in  marine-boilers 
with  natural  draught,  is  not  often  more  than  20  lbs.  of  coal  per  square  foot 
of  fire-grate  surface  per  hour,  and  the  water  evaporated  seldom  exceeds 
9  lbs.  per  lb.  of  coal,  which  corresponds  to  180  lbs.  per  hour,  or  an  evapora- 
tion of  3  lbs.  per  minute  per  square  foot  of  fire-grate :  under  these  conditions 
the  area  of  opening  requisite  to  discharge  all  the  steam  a  boiler  can 
generate,  corresponds  to  four  times  the  square  feet  of  fire-grate  divided  by 
the  absolute  pressure,  or  pressure  shown  by  the  steam-gauge  plus  1 5  lbs. 
The  consumption  of  coal  in  stationary  boilers  may  be  taken  at  15  lbs.  per 
square  foot  of  fire-grate  surface,  and  the  area  of  safety-valve  orifice  may  be 
found  by  the  following  formula  for  each  class  of  boiler. 

Area  of  orifice  for  a  safety-valve  for  a ")  _  4  x  square  feet  of  fire-grate^ 
marine-boiler       .        .        .        . )      absolute  pressure  of  steam 

Area  of  orifice  for  a  safety-valve  for  a  j  _  3  x  square  feet  of  fire-grate 
stationary  boiler    .        .        .        .  )       absolute  pressure  of  steam 

A  common  allowance  is  one-half  square  inch  area  of  safety-valve  for 
each  square  foot  of  fire-grate,  hence,  the  lift  of  the  valve  is  proportional 
to  the  diameter  and  inversely  as  the  pressure.  For  a  discharge  of  3  lbs. 
per  minute  per  square  foot  of  fire-grate,  the  requisite  lift  is  obtained  by  the 
following  formulae*  for  pressures  of  steam  above  25  lbs.  per  square  inch. 

Let  L  =  the  lift  of  valve  in  inches  necessary  for  a  discharge  of  3  lbs. 
per  minute  per  square  foot  of  fire-grate.    Then — 
_       2  X  diameter  of  the  valve  in  inches  -     «     ^       ,     , 
^=  "IbidSte  pressure  of  the  steam    '  ^^^  Aat-faced  valves. 

_       2'8  X  diameter  of  the  valve  in  inches  r        ,         .^,        1     r      *.  r     o 
L— . ^ — — . ,forvalveswithangleof  seatof  45  . 

absolute  pressure  of  steam  "^ 

*  See  a  "  Report  on  Safety  Valves,  presented  to  the  Engineers  and  Shipbuilders  ol 
Scotland,"  to  which  the  Author  is  indebted  for  some  of  the  above  and  following  rules 
And  data. 

O  £ 
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Take  for  example  a  safety-valve  5  inches  diameter  =  i^'ty  square  inches 
area,  which  corresponds  to  2  x  19-6= 39" 2  square  feet  of  fire-grate  surface, 
which  would  evaporate  39*2  square  feet  x  3  lbs.=  ii7'6  lbs.  of  water  per 
minute. 

Then,  since  the  area,  A,  in  square  inches  requisite  to  discharge  any 
weight,  Wf  in  lbs.  of  steam  per  minute  at  the  pressure,  p,  is — 

A=-*«' 

It  would  give,  by  taking  the  pressure,  p,  at  60  lbs.,  and  the  weight,  w  = 

1 1 76  lbs.,  the  area  A=  ^ '/     =  2*6 1  square  inches,  which  correspondi 

'  3x60  ^ 

to  the  opening  of  a  flat-faced  valve  5  inches  diameter,  when  the  lift  equals 

,^  =  -1667  inches.  The  circumference  of  a  valve  5  inches  diameter  being 
60 

157  inches,  and  157  x  •1667  =  2-61  square  inches  of  opening  as  found 

above. 

In  the  Report  on  safety-valves  above  referred  to  it  is  recommended  that 

two  safety-valves  be  fitted  to  each  marine-boiler,  one  of  which  should  be  an 

easing'Valve  and  the  dimensions  of  each  of  these  valves,  if  of  the  ordinary 

construction,  should  be  calculated  by  the  following  Rule  : 

Let  A  =  area  of  valve  in  square  inches. 
G  =  grate  surface  in  square  feet. 
HS  =  heating  surface  in  square  feet. 

P  =  absolute  pressure  of  steam  in  lbs.  per  square  inch,  or  pressure 
shown  by  the  steam-gauge  plus  1 5  lbs. 

ThenA  =  i8|9orA  =  -«-iyi§. 

P  P 

Only  one  of  the  valves  may  be  of  the  ordinary  kind  and  proportioned 
by  this  formula,  and  it  is  to  be  the  easing-valve.  The  other  may  be  so 
constructed  as  to  lift  one-fourth  of  its  diameter  without  increase  of  pressure, 
and  one  5uch  valve,  if  calculated  by  the  following  formula,  would  be  of  itself 
sufficient  to  relieve  the  boiler. 

Area  of  safety-valve  in  square  inches. 

^  4  X  grate  surface  in  square  feef^ 
^  ^  absolute  pressure'of  steam  in  Ibs^  [  +  area  of  guides  of  valve, 
per  square  inch      .        .        .3 

_  *I33X  heating  surface  in  square  feet^ 
^^     ""absolute  pressure  of  steam  in  lbs  [  +area  of  guides  of  valve, 
per  square  inch.  .         .         ,         ) 

The  safety-valve  calculated  by  the  above  formula,  should  be  loaded  i  lb. 
pjr  square  inch  less  than  the  load  on  the  easitig-vahe.  If  the  heating- 
surface  exceed  30  feet  per  foot  of  fire-grale  surface,  the  size  of  safety-valve 
should  be  determined  by  the  heating-surface.  The  valves  should  be  flat- 
taced,  and  the  breadth  of  face  sHmiid  not  exceed  one-twelfth  of  an  inch. 


DEAD-WEIGHTED  SAFETY-VALVES. 


19/" 


Fig.  9S.— Siknt  Blcnr-oC 


Tli«  BilMit  Bloir-off  Zysotori  shown  in  Fig.  9;,  is  (ixed  on  the  side  of 
a  ship,  for  the  purpose  of  discharging  the  waste-sieam  from  a  safety-valve  ■ 
into  ihe  sea,  without  noise  or  increase  of  pressure. 

Dwid-weiglLtod  Btde^-Yainm  are  directly  loaded  with  a  number  0/ 
cheese- shaped  weights,  placed  upon  a  irtrong 
spindle  bearing  on  the  valve,  which  is  hung 
loosely  on  ihe  spindle,  as  shown  in  Fig.  96; 
(he  weights  are  encased  to  prevent  their  being 
tampered  with.  The  top  of  ihe  spindle  is 
covered  by  a  cap,  which  fits  loosely  in  a  hole 
in  the  top  of  the  cover  of  the  chest,  in  order 
[o  allow  (he  valve  to  be  turned  round  on  its 
seat  by  means  of  the  cross-handle  on  the  cap. 
The  cap  is  attached  to  the  valve-spindle  by  a 
cotter,  the  colter-hole  is  made  deeper  than  the 
cotter,  10  allow  (he  spindle  to  rise  in  the  cap 
when  the  valve  is  raised  from  its  seat,  and  a 
forked-lever  is  fitted  10  the  bottom  of  ihe  cap, 
by  which  the  vab'C  may  be  tested  by  raising 
it  when  required.  The  area  of  the  wasie- 
steam  pipe  is  equal  lo  that  of  the  valve.  This 
description  of  safety-valve  is  now  only  used 
for  slationar;  boilers.  It  is  not  suitable  for 
marine  boilers,  because  the  effect  of  the 
weight  on  the  valve  is  reduced  by  the  heeling 
of  the  ship  in  rough  weather,  causing  ihe 
valve  10  blow-off  and  waste  steam ;  and  the 
oscillation  of  ihe  weights  due  to  the  rolling 
of  the  ship  causes  the  valve  to  gel  out  of 
order  and  leak. 

To  find  tlw  Pi-emra  on  >  Dead- 
Weighted  aaUty.Valv.—Itu/e :  Divide 
the  total  weight  or  load  in  lbs.  on  the  valve, 
including  the  weight  of  the  valve  and  spindle, 
by  the  area  of  the  safety-valve  in  square 
inches. 

Example :  A  safety-valve  4I  inches  dia- 
meter is  loaded  with  dead-weights  as  follows  : 
^8  of  105  lbs.  each,  3  of  80  lbs.  each,  and 
one  of  55  lbs.,  the  valve  weighs  15  lbs.,  and 
the  spindle,  20  lbs.  Required  Ihe  pressure  in 
lbs.  per  square  inch  on  the  valve. 

Then  (105  x  8)  -)-(8o  x  3)  -f  55  -f  15  + 
20=  1 170  lbs.,  total  weight,  or  load  on  the 
,«i..-  .  „^A  H70  lbs.  total  weight._  „,..  ,,  „ 

™'™  ;   =""J     4-5   X  4-5  X  7854  ^3^  '      ■      ^"-  ««-D««l-«iBh"l  S.f«y-«]«. 

per  square  inch,  the  pressure  on  the  valve. 

To  fiad  the  Weight  required  for  &  De«d-Weighted  SaAty- 
Telre. — Rult :  Multiply  the  area  of  the  safety-valve  in  square  inches  by 
the  pressure  of  the  steam  in  lbs.  per  square  inch. 
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EAwnph :  Required  the  weight,  including  that  of  the  valve  and  spindle, 
for  a  ilead-weighted  safety-valve,  of  5  inches  diameter,  the  pressure  of  the 
steam  being  60  lbs.  per  square  inch. 

Then  5x5  inches  x  7854  x  60  lbs.  =  11781  lbs.,  the  total  weight 
required,  including  that  of  the  valve  and  spindle. 

When  the  plates  of  a  steam-boiler  become  thinned  by  corrosion  or 
weakened  by  age,  the  blowing-off  pressure  of  the  safety-valve  should  be 
lowered,  by  reducing  the  load  or  weight  on  the  valve  to  that^  required  for 
the  reduced  working-pressure  of  the  boiler. 

The  Seduction  to  be  made  in  the  Weight  or  Load,  when  the 
blowing-off  pressure  of  a  dead-weighted  safety-valve  is  reduced,  may  be 
found  by  the  following  formula : — 

Let  W  =  the  original  weight  or  load  on  the  safety-valve. 
P  =  the  original  blowing-off  pressure  of  the  steam. 
p   =  the  reduced  blowing-off  pressure  of  steam  required. 
w  =  the  reduced  weight  on  the  safety-valve  for  the  reduced  pressure 
of  steam. 

Then  w  =  ^-^  X  W 

Example:  A  dead-weighted  safety-valve  is  loaded  with  a  weight  of 
700  lbs.  for  a  blowing-off  pressure  of  60  lbs.  per  square  inch.  Required 
the  reduction  to  be  made  in  the  weight  or  load,  if  the  blowing-ofJ  pressure 
be  reduced  to  45  lbs.  per  square  inch. 

Then  6o2bs^-45jbs.  ^         j^^^  ^^.^^  _         ^^^  ^^  ^^  ^^^^  ^^  ^^^ 
60  lbs. 
weight  on  the  valve. 

The  Weight  of  the  DeadrWeighte  of  a  Safety-Valve  may  be 
calculated  approximately  from  their  cubic  contents,  allowing  one  cubic  inch 
of  cast-iron  to  weigh  '26  lb. 

Example :  A  sarfety-valve,  3I  inches  diameter,  is  loaded  with  eight  dead- 
weights of  cast-iron,  each  14I  inches  diameter,  and  2^  inches  thick,  the 
weight  of  the  valve-spindle  and  valve  is  33  lbs.  Required  the  weight  or 
load  per  square  inch  on  the  valve,  and  also  how  much  additional  weight 
must  be  placed  on  the  valve  to  produce  an  additional  load  of  7  lbs.  per 
square  inch  ? 

Then  14*625  x  14*625  x  7854  x  2 1  inches  thick  x  8  weights  x  '26  lbs. 
:=  873*6  lbs.,  the  weight  of  the  8  cast-iron  weights  ;  and  873*6  lbs.  -f-  33  lbs. 
=  9066  lbs.,  the  total  weight  of  the  w^eights,  valve-spindle  and  valve ; 

and ?—    — ^^ — ^ —  =  82*1 1  lbs.  per  square  inch  weight  on  the  valve : 

375  X  375  X  7854 
and  3.75  X  3*75  diameter  of  valve   x    7854  x   7  lbs.  =  77*28  lbs.,  the 

additional  weight  required  to  produce  an  additional  load  of  7  lbs.  per 
square  inch  on  the  valve,  making  the  total  load  on  the  valve  =  82*11  -h  7 
=  89*  1 1  lbs.  per  square  inch. 


FEED-PUMPS  FOR  STEAM-BOILERS. 


F««d-imt6T-Cotunimption  in  Stwuu  Boilen.— The  quantity  of  v-ater 
used  per  hour  per  indicated 
horse-power  of  the  engines, 
averages  as  follows  : — Non- 
condensing  engines  use  40  lbs. 
of  water  per  indicated  horse- 
power per  hour;  condensing 
engines,  30  lbs. ;  compound 
condensing  engines,  20  ibs. ; 
and  triple -expansion  engines, 
and  quadruple  expansion- 
engines,  use  from  14  to  18  lbs, 
of  u-ater.    See  also  page  153. 

Faed-Pnmps  tot  r*»diiig 
Boil«rs  are   shown    in  Figs. 

97  and  98.     In  pumping  hot  1 

water  the  feed-pump  should 
be  placed  at  the  same  level  as 
the  supply-tank,  so  that  the 
water  may  flow  into  the  barrel  — 

of  the  pump  by  its  own  gravity. 
The  pump-valves  should  be 
large  and  their  lift  small.  A 
feed-pump  should  be  capable 
of  supplying  considerably  more 
water  than  is  actually  required 
for  a  boiler.  The  size  of  a 
feed-pump,  capable  of  supply- 
ing three  times  the  quantity 
of  water  required  to  be  evapo- 
rated to  steam  for  a  given 
size  of  engine- cylinder,  may 
be  found  by  the  following  Rg,  ^-uan 
formula : — 

Let  A  =  the  area  of  the  pump-i 


— Horitontil  fc«d-piuniki 


il  r«d-punip,  with  he 


a  square  inches, 
C  ;=  the  area  of  the  engine-piston  in  square  inches. 
L  =  the  length  of  stroke  in  feet,  before  the  steam  is  cut  ofF. 
S  =  the  length  of  stroke  of  the  pump  in  feet. 
V  =  the  volume  of  the  steam  from  Table  78,  corresponding  to  the 
absolute  pressure  of  the  steam,  or  pressure  including  that  of  the  atmosphere. 
^       ^        C  X  L  X  6 
Then  A  =      y  x  S     ' 

Example:  Required  the  diameter  of  the  ram  of  a  feed  pump  with  a 
a-feet  stroke,  to  feed  the  boiler  of  an  engine  having  a  cylinder  30  inches 
diameter,  the  steam  being  cut  off  when  the  piston  has  travelled  vz  feet  of 
its  stroke,  the  pressure  of  steam  by  the  steam  gauge  is  70  lbs.  per  square 
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inch.    Then  the  volume  of  steam  of  70+15=85  lbs.  absolute  pressure  is, 
from  Table  78,  =311, 

J  M  X  w  inches  x  vS^iX  iz  feet  strolie  of  eneine  x  6       00 

md  ^ i = ',-^-  - — ^ — ,  — --  ^ =  8-i8square 

313  volume  of  steam  x  t  feel  stroke  of  pump 

inches,  the  area  of  the  ram  of  the  feed  pump,  and  \/~ —  =  3!  inches, 

the  diameter  of  the  pump-ram.  The  capacity  of  a  feed-pump  is  frequently 
made  equal  to  the  supply  of  five  gallons  of  water  per  hour  per  indicated 
horse-power  of  the  engine.  The  most  efficient  speed  of  a  feed-pump  is 
about  50  feet  per  minute. 
A  F««d  Baok-preMnre  TbIts,  or  non-rtitam  Talv*,  through  which 
_  the  feed-water  enters  the  boiler  is  shown  in  Fig. 

99.  The  lift  of  the  vah'e  can  be  regulated  by  the 
spindle,  with  which  the  valve  may  be  locked  when 
required.  The  lift  of  a  feed-valve  is  usually  ^  inch  ; 
it  should  not  exceed  J  inch,  otherwise  the  valve- 
seating  soon  becomes  impaired  by  the  hammering 
action  of  the  vaive.  The  average  rale  of  the  flow  of 
feed-water  through  the  valves  is  from  200  feet  to  400 
feet  per  minute.  For  locomotive  boilers  a  clack-box 
with  a  ball-valve,  shown  in  Fig,  100,  is  generally 
used  as  a  non-return  feed-i'alve.  Ball-valves  are  most 
suitable  for  the  high  speed  of  a  locomotive,  as  they 
act  more  freely  and  are  less  liable  to  stick  fast  than 
Jig, ^—ftcd  b»ek-ptMsure  mltre-valves.  Feed-ialves  should  be  taken  out, 
"*«■  examined  and  adjusted  when  a  boiler  is  cleaned. 

Th«  Afition  of  an  Injootor  is  due  to  the 
momentum  imparted  to  the  feed-water  by  a  jet  of 
sieam  moving  al  a  high  velocity.  The  steam  used 
in  working  the  injector  is  condensed  and  sent  into 
the  boiler  with  the  feed-water,  which  by  this  means 
becomes  considerably  raised  in  temperature. 
TIm  Kiae  of  T9iap«ratnr«  of  tlio  F«*d-mt«r 
¥\e.  taa.-ci»kbi»,  wiih    IB  pftudng  through  an  Ii^ftctor  may  be  ex- 

"'" "'  plained  as  follows : — 

If  1  lb.  of  steam  in  motion  were  mixed  with  2  lb  of  water  at  rest,  the 
result  produced  would  be  3  lb  put  in  motion  at  one-third  the  original 
velocity  of  the  steam.  The  velocity  of  water  or  steam  issuing  into  the 
atmosphere  from  the  same  boiler,  is  equal  to  that  acquired  by  a  falling  body 
in  falling  through  the  height  of  a  column  of  the  same  water  or  steam  giving 
the  same  effective  pressure.  And  since  the  velocit}-  acquired  by  a  falling 
body  is  proportional  to  the  square  root  of  the  height  through  which  il  fell, 
it  follows  that  the  velocity  of  the  water  and  the  steam  would  be  propor- 
tional  to  the  square  roots  of  their  relative  volumes.  And  as  the  volume  of 
steam  with  one  atmosphere  effecti\'e  pressure,  or  30  lbs.  absolute  pressure, 
is  from  Table  78,  =827  times  that  of  water,  it  would  issue  with  the  square 
root  of  827=2876,  or  say  twenty-nine  times  the  velocity  of  the  water  from 
the  same  boiler.  Hence,  the  steam  issuing  would  just  balance  twenty-nine 
times  its  own  weight  of  water  trying  to  issue  from  the  boiler.  The  number 
of  units  of  heat  in  i  lb,  of  steam  of  30  lbs.  absolute  pressure  is  from  Tabl« 


AUTOMATIC  RE-STARTING  INJECTOR.  201 

79,  =  1159  Fahr.,  and  assuming  the  original  temperature  of  the  feed-water 
at  ICO  degs.,  the  rise  of  temperature  of  the  feed-water  would  be  = 

1 1 59  units  steam  — 100°  water  o  t-  » 

— ii .  J =  35-3°  Fahr., 

with  steam  of  one  atmosphere  effective  pressure,  or  30  lbs.  per  square  inch 
absolute  pressure.  With  steam  of  3  atmospheres  effective  pressure,  or 
75  +  ^5  =  90  lbs.  per  square  inch  absolute  pressure,  its  volume  is  295  that 
of  water;  then  V295  =  say  17;  hence  the  issuing  steam  would  balance 
17  times  its  own  weight  of  water  trying  to  issue  from  the  boiler.  The 
number  of  units  of  heat  in  steam  of  this  pressure  =1180  per  lb.  of  steam, 
and  if  the  original  temperature  of  the  feed-water  be  =  100°  Fahr.,  the  rise 

of  temperature  of  the  feed-water  would  be  =  iI§o— Ioo«  5^0  p^^i^j. 

17  +  1 
The  Diauetor  of  tlia  Vonle  of  aa  Injector  may  be  found  by 
Rankine's  rules,  which  are  as  follows : — 

Sectional  area  of  nozzle  in  square  inches  = 

Cubjcfeet  per  hour  of  gross  feed-water  ^ 
800  -v/  pressure  in  atmospheres       ' 

Sectional  area  of  nozzle  in  circular  inches  = 

Cubic  feet  per  hour  of  gross  feed-water 
630  y/  pressure  in  atmospheres 

Example :  If  a  boiler  use  1200  lbs.  of  coal  per  hour,  and  each  lb  of  coal 
evaporates  8  lbs.  of  water,  what  is  the  proper  diameter  of  the  narrowest  part 
of  the  nozzle  of  an  injector  to  deliver  double  the  required  feed,  the  pressure 
of  steam  by  the  steam  gaug^  being  75  lbs.  per  square  inch 

Then  (75-f  15)  -M5  =  6  atmospheres,  v/6  =  2.449:  and  L^-^Jii-^  = 

307*2  cubic  feet  per  hour  of  gross  feed-water 

Then   5-Z ^ =  '199  circular  inch  sectional  area;  and  >y '199 

030  /\  2  449 

=  '446  inch,  the  diameter  of  the  nozzle  of  the  injector. 

Qoaatity  of  Feed-water  earried  by  aa  Ii^eetor  per  lb.  of  Steam. 

— In  practice,  with  the  best  injectors,  each  pound  of  steam  carries  with  it 
and  forces  into  the  boiler,  about  18  lbs.  of  feed-water,  its  temperature 
being  raised  about  100°  Fahr.  in  passing  through  the  injector.  The 
injector  will  lift  its  water  supply  from  10  to  20  feet. 

An  Automatic  Be-etarting  Iigeetor  is  shown  in  Fig.  loi.  It  is 
very  simple,  efficient,  and  certain  in  its  action,  and  will  work  continuously 
without  attention,  and  if  from  any  cause  it  should  be  stopped  it  will  start 
itself  again.  It  has  three  cones — a  steam  cone,  a  water  or  combining  cone, 
and  a  delivery  cone ;  its  action  may  be  briefly  described  as  follows.  When 
steam  is  turned  on  the  injector,  it  rushes  down  the  steam  cone  and  through 
the  large  end  of  the  water  cone  and  out  at  the  point  where  this  cone  is 
divided,  creating  a  vacuum  in  the  water  chamber ;  the  water  then  rushes 
up  into  the  chamber  and  surrounds  and  condenses  the  steam,  which,  in  the 
form  of  partially  condensed  steam  and  water,  leaps  across  the  opening 
between  the  larger  and  smaller  ends  of  the  water  cone ;  this  jet  creates  a 
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vacuum  in  t!ie  overflow-chamber,  when  the  pressure  of  ihc  atmosphere  at 
once  lorci-s  ilie  smaller  end  of  ihe  ivater  cone — which  is  free  to  slide — up 
to  tlie  l:irgcr  cjiiJ,  thus  closing  the  space  l^etween  tlie  two  halves  of  the 
water  cone  and   making  a  con- 
tinuous water  and  combining  cone 
as  in  the  ordinary  injector.     The 
combined  jet  of  steam  and  water 
then  passes  out  at  the   ordinary 
_        overflow,  until  the  velocity  is  suf- 
B  3        ficiently  great  for  it  to  enier  the 

I  ■        deliver)-   cone   and  pass   forward 

into  the  boiler.  The  automatic 
action  of  this  injector  consists  of 
the  ojiening  and  closing  of  the 
space  between  two  halves  of  ihe 
water  orcombining  cone,  this  space 
being' always  open  except  when 
j.  „       the   steam    and  water  are    both 

S'  5       present,  so  that  should  there  be 

3        any   interference  with  the  water 
i  "        supply  the  steam   simply  rushes 

out  at  the  overflow  until  such  time 
as  (he  water  comes  again,  when 
the  injector  immediately  starts  to 
worlc  without  any  attention. 
Fig.  Toi.-Ortsi.air',  aiiisffliitic  rt-siuting  Tlw    Aatomatic    Ezluiut  - 

!"]«"»■  Stawn  Injector,  shown  in  Fig. 

loj,  is  an  extremely  simple,  effec- 
tive, and  economical  boiler-feeder.it  being  worked  by  the  exhaust-steam 
from  a  non-condensing  engine,  instead  of  using  live-sleam  from  the 
boiler  for  this  purpose.  Although  the  exhaust-steam  enters  (he  injector 
only  at  a  little  above  atmospheric  pressure,  it  will  feed  a  boiler  against 
a.  steam  pressure  of  75  lbs.  per  square  inch.  This  injector  has  three 
cones,  (he  steam  cone,  the  combining,  mixing,  or  condensing  cone 
and  the  delivery  cone.  In  Fig.  102,  a  is  the  steam  supply,  the  butterfly 
ralve  shown,  being  for  the  purpose  of  shutting  off  the  steam  when 
required,  b  is  the  steam  cone,  and  s  the  steam  nozzle ;  c  is  the  water 
supply,  and  t  the  water  nozzle  ;  d  is  the  combining,  e  the  jet  nozzle,  and  f 
the  throat ;  k  is  the  fixed  spindle ;  R  the  regulator,  and  g,  the  overflow. 
The  combining  cone  is  split  longitudinally  (or  more  than  half  its  length 
from  the  smaller  end  ;  one-half  hinges  from  a  pin  at  its  upper  end,  in  such 
a  manner  that  it  hangs  open  when  the  injector  is  not  at  work :  this  position 
of  the  flap  is  shown  in  doited  lines,  and  it  will  be  seen  that  a  large  area  is 
presented  for  the  passage  of  water  when  the  latter  is  turned  on.  As  soon 
as  a  vacuum  is  established  in  the  combining  cone  the  loose  half  of  the 
nozzle  is  drawn  inwards,  and  the  cone  behaves  precisely  the  same  as  if  it 
were  not  split.  If  the  supply  of  water  or  steam  fails  for  an  instant,  the  flap 
immediately  falls  away,  and  a  large  opening  is  presented  once  more  for 
the  water  to  pass  through,  the  exhaust-steam  is  induced  again  to  enter,  con- 
densation takes  place  vith  the  formation  of  a  partial  vacuum,  the  nozzle  is 
drav.ii. inwards  again,  and  the  instrument  resumes  work. 
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Tlu  Action  of  th*  Ezhaiurt-Btoam  I^jMtor  is  as  foUoMs : — When 
Mater  is  turned  on  to  the  injector,  it  flows  into  the  combining  cone  and  out 
at  the  overflow;  a  little  steam  , 
will  in  this  manner  be  induced 
to  flow  into  the  injector,  and  will 
there  be  condensed,  forming  a 
partial  vacuum;  more  steam  will 
follow  to  fill  up  the  vacuum 
formed,  which  in  turn  will  be 
condensed,  forming  a  better 
vacuum  and  a  greater  rush  of 
exhaust- steam,  then  (he  steam 
itself  becomes  the  working  factor 
and  rushes  into  the  combining 
cone  with  such  force  as  to 
overcome  the  back  pressure,  and, 
along  with  a  portion  of  ihe 
water,  enters  the  boiler,  I  he 
action  then  results  from  the  con- 
version of  the  latent  heal  of  the 
Steam  into  (he  energy  of  mo- 
tion. 

Tba  Xstliod  otTasngtbrn 
Exlunst-ateau  I^Jsotor  is 
shown  in  Fig,  103.  A  branch- 
pipe  is  laken  from  the  exhaust- 
pipe  of  the  engine  and  connected 
to  the  injector,  which  is  placed 
vertically.  The  en<i  of  the  over- 
flow-pipe is  placed  below  the 
surface  of  the  water  in  a  tank 
to  prevent  air  entering  the  ex- 
haust-chamber. Water  is  sup- 
plied to  the  injector  from  a  tank 
placed  higher  than  ihe  injector, 
into  which  it  flows  by  gravity. 

Tlu  Froportioik  of  tli« 
Ste&Bi  and  Water  Supply  fbr 
tlia  Exliaiu>t>Bteun  Iiyector, 
the  temperature  of  the  mixture, 
Ac,  and  the  quantity  of  the 
steam  condensed,  may  be  ascer- 
tained as  follows :  • —  _,  ,^  -   „       ^ .,~  .„  . 

T-i-       .  -  J        -  ■  ric.  109.— Divn,  HiiMrft  Mcioiri  Aulomuk 

The  steam  m  condensmg  gives  uiuuu-itani  inicaor. 

out  the  same  quantity  of  heat  as 

the  water  absorbed  during  the  process  of  evaporation,  or  which  is  the  same 
thing,  the  units  of  heat  expended  in  changing  the  water  into  steam.    I'hat 

1  of  Engineers,"  by 
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is,  the  heat  which  i  lb.  of  steam  gives  out  in  condensing  would  heal 
966-6  lbs.  of  water  1°  Fahr,,  or  9*666  lbs.  100°  Fahr.,  and  so  on  in  pro- 
portion.   I'hen  the  temperature  is  raised  still  higher,  by  llie  mixture  of  the 


Fig.  los-^Mclhod  ol  fixioK  the  cxhlnit.iteun  injectv. 

heated  vater  and  the  water  of  the  condensed  steam.     Hence  the  following 
Rules  :— 
Let  1.  =  the  latent  heat  of  steam. 

T  ^  the  sensible  heat  of  the  steam,  or  the  boiling  point  of  water  and 

the  condensing  point  of  steam  under  a  given  pressure. 
if'„  =  the  weight  of  steam  in  lbs. 
w  =  the  weight  of  water  by  the  condensed  steam  in  lbs. 
ir  =  the  weight  of  supply-water  in  lbs. 
/  =  the  temperature  of  the  supply-water. 
/,  =  the  temperature  of  the  heated  water  by  the  condensation  of  the 

T^  =  the  ultimate  temperature  of  the  mixture  of  water  and  steam. 
Tien,  the  proportion  of  supplj-wdter  to  steam  is — 
„_L+(T-T.) 

^---  f:^!- * 

The  ttmperalure  0/  Iht  htatid  walir  hy  tht  londimation  of  Ike  iltam  ii — ■ 

'-■^"^ B 

Tie  ultimate  temperature  of  the  mixture  is — 

T.='AJll^tCJ ""')., c 

T-(I-X"'.)+(T-/)<1..  ,  n 
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TA^  quaniiiy  of  steam  condensed  in  the  mixture  is — 

Assume  for  example  that  the  temperature  of  the  supply-water  is  60° 
Fahr.,  and  the  proportion  9*666  lbs,  to  1  lb.  of  steam  ;  then  the  temperature 
of  the  heated  water  by  the  condensing  of  the  steam  is,  by  formula  B, 

=966^^,00^.60=160°  Fahr. 
9*666 

The  ultimate  temperature  of  the  mixture  is,  by  formula  C, 

^(i6oX9666)+(2i2Xi)^i546-56  +  222^ .758- 56^ , 64°-875  Fahr.. 
9*666+1  10*666  io*666         "^     *  ^ 

and  by  formula  D, 

(966-6X  i)+(»2-6o)x  i).^6o=966-^+'iJ  +  6o=  '"«-^  =  104  875+60 

9*666  +  1  io*666  10*666  ^ 

=  i64°-87s  Fahr. 

The  proportion  of  supply-water  is,  by  formula  A, 
=2^Iill^li|£8ZL)=9661+47:p.5=io.3725=5.666  lbs.  to  i  lb. 

164*875  —  60  104*875         104-875     ^ 

of  steam. 

The  Quantity  of  Szhaiurt-Steaiii  returned  to  a  Boiler  in  the 
form  of  Feed-Water,  by  the  Ezhanst-Steam  Injector,  may  be  seen 
from  the  following  calculation^* — 

If  two  injectors  together  feed  2740  gallons,  or  2740  x  10  lbs.  = 
27400  lbs.  of  water  per  hour;  and  if  the  proportion  of  water  to  steam, 
calculated  by  Formula  E,  be  =: 

27400  X  (153  —  52)  _  27400  X  loi  _  ^^7400  _    ^  g 
966*6 -f  (212  —  153)       966*6  +  59        1025*6  "~  ^  9^ 

Then  2698  lbs.,  or  1*2  ton  ot  exhaust-steam  will  be  returned  to  the 
boilers  per  hour,  raising  at  the  same  time  the  temperature  of  the  feed-water 
101°  Fahr.,  the  economy  of  which  may  be  thus  expressed : — 

Units  of  heat  required  to  raise  the  supply-water  from  52°  Fahr.  to  steam 
at  60  lbs.  pressure  =  1207  —  52  =  1155,  ^"^  yxvL\\&  of  heat  required  to 
raise  the  feed-water  from  153°  Fahr.  to  steam  at  the  same  pressure  =  1207 
—  153  =  1054,  showing  a  saving  of  loi  units  of  heat,  which,  if  applied, 
would  increase  the  quantity  of  steam  9*5  per  cent. 

The  Feed-Water  Pipes  from  the  Zx^eetors  to  the  boilers  may  be 
taken  through  a  tube,  through  which  the  remaining  exhaust-steam  flows, 
after  having  passed  the  branch  exhaust-steam  pipe  leading  to  the  injectors 
By  this  means  the  feed-water  may  be  delivered  to  the  boilers  at  a  tempera- 
ture of  204°  Fahr. 

Theoretically,  the  beneficial  results  of  feeding  the  boilers  with  water  at 
a  temperature  of  204°  Fahr.,  compared  with  a  temperature  of  52°  Fahr,,  are 
as  follows ; — 

Units  of  heat  required  to  raise  the  supply-water  from  a  temperature  of 
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52^  Fahr.  to  steam  at  60  lbs.  pressure  =  1207—52  =  1155  ;  and,  to  raise 
the  feed-water  from  a  temperature  of  204°  Fahr.  would  require  1207—204 
=  1003  units  of  heat,  or  152  units  of  heat  less  than  the  water  at  the  lower 
temperature.  By  152  additional  units  of  heat,  the  quantity  of  steam  would 
be  increased  15  per  cent.,  which  is  equal  to  a  saving  of  one  boiler  in 
seven. 

This  result  has  actually  been  attained  in  practice,  as  much  steam  being 
supplied  in  one  case  from  six  boilers,  as  could  be  supplied  from  seven 
boilers  fed  with  cold  water  and  an  increased  consumption  of  coal. 

Exhaust-Steaiii,  as  a  Water-Heater,  is  very  little  inferior  to  live- 
steam  at  60  lbs.  pressure.  For  instance,  taking  the  sensible  heat  for  that 
pressure  at  307°'5  Fahr.,  and  the  latent  heat  at  900°'3  Fahr.,  then  if  the 
temperature  of  the  supply-water  be  52°  Fahr.,  by  formula  D  the  temperature 
of  the  feed-water  would  be — 

906-3 -h  (307- 5  — 52)  900*3+275-5,  ii75'8  .  /co  i?  u 

< — - — ^-^-f-^ — 2-^4-52=-^ — ^-^-^  +  52= — ~7--f-52=  156°  Fahr., 

lo'i  +  1  ^  III  "^  11  I    *  -^         -^  ' 

with  live  steam,  or  only  3°  Fahr.  higher  than  would  be  obtained  by  the 
water  being  heated  with  exhaust-steam. 

An  experiment  was  made  to  determine  the  efficiency  of  an  exhaust-steam 
injector  compared  with  a  Giffard's  injector  using  live-steam,  when  the 
following  results  were  obtained : — 


Table  74. — Results  of  Tests  of  an  Exhaust-Steam  Injector 

COMPARED  WITH  AN  ORDINARY  GiFFARD's  InJECTOR. 


Average  wiih  Giffard's 
Injector  Feeding  Boiler. 

Average  with  Exhaust 
Injector  Feeding  Boiler. 

Average  H.-P. 
Coal,  per  H.-P.  per  hour  . 
Water     „          ,,       • 
Water  used                  .     . 
Coal        .... 

208-285 

7 -08  lbs. 

7'335  galls. 
8986*  75  galls. 
9688  lbs. 

241-25 

5*  13  lbs. 
5*11  galls. 
832875  galls. 
8288  lbs. 

In  the  case  of  coal  per  horse-power  per  hour,  this  shows  that  the  Giffard 
Injector  used  37*9  per  cent,  more  coal  than  the  exhaust-steam  injector,  and 
in  the  case  of  water  per  horse-power  per  hour,  that  the  Giffard  Injector  used 
43*5  per  cent,  more  water  than  the  exhaust-steam  injector,  the  temperature 
of  water  delivered  being  from  170°  to  175°  Fahr. 

This  is,  however,  a  special  case,  the  average  economy  obtained  being 
from  20  to  25  per  cent. 

The  Quantity  of  Ezhaiut-Steaiii  need  by  an  Ezhanflt-SteaBi 
Injector  per  hour,  may  be  found  by  this  formula : — 

Let  H  =  the  heat  absorbed  by  the  water,  or  the  available  heat  less  the 
temperature  of  the  delivered  water. 
F  =  feed-water  from  tank  in  lbs.  per  hour. 
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G  =  increase  of  temperature,  or  difference  between  the  temperatures 

of  feed-water  and  delivered  water, 
X  =  exhaust-steam  in  lbs. 

ThenX=^^. 

xl 

Example:  Required  the  quatitity  of  exhaust-steam  in  lbs.  used  by  an 
exhaust-steam  injector,  supplied  with  feed-water  at  68°  Fahr.,  at  the  rate  of 
2280  gallons  per  hour,  delivered  by  the  injector  to  the  boiler  at  190°  Fahr. 

Then  the  total  heat  of  steam  being  =  966  latent  heat  +212°  sensible 
heat  =  1 178,  H  will  equal  1 178  —  190  =  988°  Fahr. 

F  will  =2280  gallons  x  10  lbs.  =  22800  lbs. 

G  will  =  190°  -  68°  =122°  Fahr. 

X  will  = ~Q =  2815  lbs.  of  exhaust  steam  used  by  the 

injector  per  hour. 
This  represents  the  quantity  of  exhaust-steam  returned  to  the  boiler  per 

hour,  and  not  only  is  all  its  heat  saved  but  also  — ^=  1  ton  5  cwt.  and  15 

2240 

lbs.  of  water.      It  will  be  seen  from  the  above  calculation,  that  only 

22800  lbs.  of  water  enter  the  injector  from  the  tank  per  hour,  but  22800 -h 

2815=25615  lbs.  of  water  are  fed  to  the  boiler  each  hour  the  injector  is 

working. 

The  Qoaatity  of  Water  Belivered  by  an  Ezhauat-Steani 
Ii^jector  in  gallons  per  hour,  is  approximately  equal  to  85  times  the  square 
of  the  diameter  of  the  exhaust-pipe. 

Example :  The  exhaust-pipe  of  an  engine  has  a  branch-pipe  4  inches 
diameter  which  it  is  proposed  to  connect  to  an  exhaust-steam  injector.  What 
quantity  of  water  in  gallons  per  hour  will  be  delivered  by  the  injector  ? 

Then  4X4  inches  x  85  =  1360  gallons  per  hour. 

Poeitioii  of  the  Feed  Discharge. — The  feed-water  should  enter  a  boiler 
through  a  perforated  pipe,  placed  above  the  level  of  the  furnace-crown  and  a 
little  below  the  working  level  of  the  water.  The  feed-water,  even  when  heated, 
is  always  colder  and  heavier  than  the  water  in  the  boiler,  hence,  when 
introduced  at  a  moderately  high  level,  it  descends  by  gravitation  and 
promotes  circulation  by  displacement.  When  the  feed-water  is  discharged 
below  the  furnace-crown,  in  case  anything  gets  under  the  feed  back- 
pressure valve,  the  water  may  be  forced  back  through  the  feed-pipe  and  valve 
until  the  level  of  the  water  in  the  boiler  is  reduced  to  that  of  the  feed 
discharge,  thus  leaving  the  furnace-crown  bare  and  exposed  to  the  action  of 
the  fire,  leading  to  overheating  and  collapse.  When  the  feed  discharge  is 
below  the  furnace-tube  it  produces  severe  straining  at  the  lower  seams  of  the 
boiler-shell  consequent  on  that  part  being  kept  comparatively  cool. 

The  Feed^Water  should  be  delivered  to  the  boiler  at  as  high  a 
temperature  as  possible,  in  order  to  save  fuel,  and  also  to  obtain  uniformity 
of  temperature  throughout  the  boiler,  and  prevent  wear  and  tear  from  the 
unequal  expansion  and  contraction  of  the  plates. 

Cold  Feed-Water  produces  severe  Strains  on  the  Plates,  as  it 
causes  different  temperatures  in  various  parts  of  the  boiler,  resulting  in 


208  THE  PRACTICAL  ENGINEER'S  HAND-BOOK. 

unequal  expansion  and  contraction ;  the  strain  caused  in  this  way  may  be 
calculated  as  follows : — 

.  The  extension  of  a  plate  per  ton  of  tensile  strain  upon  it  is — 
A  wrought-iron  boiler-plate  of  average  quality  extends  '000076  of  its 

length  per  ton  of  tensile  strain. 
A  mild  steel  boiler-plate  of  best  quality  extends  '000084  of  its  length 

per  ton  of  tensile  strain. 
The  expansion  of  wrought-iron  boiler-plates  of  average  quality  by  heat, 

is  from  Table  13  =  '00000658,  and  of  mild  steel  boiler-plates  of  best  quality 

is  =  -ooooo  7  per  degree  Fahr. 

Therefore  in  cooling  wrought-iron  plates,  every  -   — ^-—^  =  1 1'5  degrees 

'oooooo  5  o 

of  difference  of  temperature  produces  as  much  contractile  strain  as  one  ton  of 

tensile  strain  per  square  inch.     And  in  cooling  mild  steel  boiler  plates,  every 

1  =  12  degrees  of  difference  of  temperature  will  produce  as  much 

•000007 

contractile  strain  as  one  ton  of  tensile  strain.     If  the  temperature  of  the 

feed-water  be  48°  Fahr.  and  the  absolute  pressure  of  the  steam  in  the  boiler 

be  75  lbs.  per  square  inch,  equal,  from  Table  78,  to  a  temperature  of 

308''  Fahr.,  then  in  each  case  the  strains  in  tons  per  square  inch  will  be : — 

. — I — —= r-^ =  22*6  tons  per  square  inch  strain  on  the  wrought  iron 

11-5  difference 

plates,  and  — ^..^    ^ —  =21*6  tons  per  square  inch  strain  on  the  mild 
12°  difference  *^       ^ 

steel  plates. 

The  above  calculation  shows  how  severely  the  plates  may  be  strained  by 
pumping  cold  water  into  a  hot  boiler,  and  the  necessity  of  heating  the  feed- 
water  to  obtain  imiformity  of  temperature. 

Feed-water  Eeaterx  effect  a  considerable  saving  in  fuel.  It  is 
desirable  to  heat  the  feed-water,  by  utilising  either  the  heat  carried  off  by 
the  waste  products  of  combustion,  or  the  heat  carried  off  by  the  exhaust- 
steam,  instead  of  wasting  it.  In  condensing  engines  the  feed-water  is 
usually  taken  from  the  hot- well  at  about  100°  Fahr. ;  for  higher  temperatures 
a  feed-water  heater  must  be  used.  In  non-condensing  engines  the  feed- 
water  can  be  effectively  heated  with  the  exhaust-steam  either  by  an  injection- 
heater,  or  by  a  surface-heater.  In  locomotives  the  feed-water  may  be 
heated  by  the  exhaust-steam,  and  a  saving  effected  of  2|  lbs.  per  train  mile 
in  the  consumption  of  coal. 

The  Economy  Eifected  by  Eeating  the  Feed-water  of  Boilers 
may  be  calculated  as  follows : — If  the  temperature  of  the  feed-water  be 
52°  Fahr.,  the  heat  required  to  convert  i  lb.  of  water  to  steam  will  be 
=  1178°  —  52°  =  1 1 20  units.  To  raise  the  temperature  of  the  water  to 
the  boiling  point,  requires  1178°  —  212°  Fahr.  =  966  units  of  heat;  this  will 
effect  a  saving  of  966  -5-  1126  =  -858,  say  -86  or  14  per  cent,  over  cold 
water.  When  the  feed-water  is  supplied  from  the  hot-well  of  a  condensing 
engine,  the  temperature  of  the  water  is  usually  100°  7ahr.,  the  heat  required 
will  be  =  1178°  —  100°  Fahr.  =  1078,  this  will  only  effect  a  saving  of 
1078  -r-  1126  =  956  or  44  per  cent,  over  cold  water.  An  economiser  or 
water-heater  placed  in  the  flue  of  a  boiler  and  heated  by  the  waste  products 
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of  combustion,  would,  if  the  temperature  of  the  water  in  passing  through 
the  heater  were  raised  to  300^  Fahr.,  effect  a  saving  of  1178°  —  300°  = 
878*^  -=-  1126  =  79  or  21  per  cent,  over  cold  water. 

Zajeotion-Eeaters  are  those  in  which  the  exhaust  steam  is  discharged 
on  the  surface  of  water  contained  in  an  open  or  closed  tank ;  by  regulating 
the  influx  of  cold  water  the  temperature  may  be  maintained  at  within  a  few 
degrees  of  212°  Fahr.,  the  boiling  point.  The  objection  to  this  form  of 
heater,  is  that,  the  exhaust-steam  carries  with  it  from  the  cylinder  a  quantity 
of  grease,  which  combines  with  the  carbonate  of  lime  in  bad  feed-water,  and 
is  liable  to  cause  overheating  of  the  plates  of  the  boiler  and  leaky  joints. 
When  a  heater  of  this  description  is  used,  the  cylinder  of  the  engine  should 
be  lubricated  only  with  good  mineral  oil.  In  cases  where  the  feed-water  is 
good,  and  not  much  inconvenience  is  caused  by  grease  carried  with  the 
exhaust-steam,  and  where  it  is  an  object  to  save  water,  this  method  of 
heating  is  efficient.  The  whole  of  the  heat  contained  in  the  steam  is 
imparted  to  the  water,  and  the  water  derived  from  the  condensed  steam  is 
saved,  and  added  to  the  supply  of  feed-water  which  becomes  materially 
increased  in  quantity. 

The  Qaantity  of  Water  derived  from  Condensed  Steam  may  be 
calculated  as  follows:  To  heat  50  gallons  of  water  from  52°  Fahr.  to  212° 
Fahr.  will  require  212°  —  52°  ^  160°  x  50  gallons  x  10  lbs.  =  80000 
units  of  heat,  to  obtain  which,  80000  -r-  966°  =  82*8  lbs.  of  steam  or 
82*8  -5-  10  lbs.  =  8*28  gallons  will  be  added  to  the  water,  and  supplied  from 
the  exhaust-steam. 

The  IToiee  caneed  by  the  Zx^ection  of  Steam  into  Water  may 
be  silenced  by  placing  a  wire-gauze  nozzle  full  of  beads  or  small  marbles  at 
the  end  of  the  steam-pipe. 

A  Water  Jacket  on  the  Ezhanst-pipe  is  another  method  of  heating 
the  feed-water,  the  water  being  forced  through  the  jacket  by  the  feed-pump. 
The  objection  to  this  heater  is  ihat  it  does  not  allow  sufficient  time  for  the 
water  to  become  heated,  or  for  the  impurities  to  deposit,  and  the  outside  of 
the  exhaust-pipe  soon  becomes  coated  with  incrustation,  which  diminishes  the 
efficiency  of  the  apparatus. 

In  a  Coil  or  Worm-heater,  the  water  is  forced  from  the  pump  to  the 
boiler  through  a  coil  of  pipes,  or  worm,  enclosed  in  a  casing  through 
which  the  exhaust-steam  passes.  The  objections  to  this  form  of  heater  are, 
that  it  affords  no  facilities  for  depositing  the  impurities  of  the  feed-water ; 
it  does  not  allow  sufficient  time  for  the  water  to  become  properly  heated  ; 
the  friction  of  the  water  in  passing  through  the  coil  increases  the  wear  and 
tear  of  the  pumps ;  and  the  pTpe  is  liable  to  become  furred  up  and  the 
passage  of  the  water  prevented. 

Feed-water  Eeatem  having  parallel  tubes  fixed  at  both  ends,  are 
sometimes  used.  The  objection  to  this  form  of  heater  is  that  the  unequal 
expansion  and  contraction  of  the  tubes  due  to  the  varying  temperatures  of 
the  water,  causes  leakage. 

Conetrnotion  of  Feed-water  Seatere. — ^A  feed-water  heater  should 
be  large  enough,  to  permit  the  water  to  be  heated  to  occupy  at  least 
20  minutes  in  passing  through  the  heater,  in  order  to  afford  time  for  the 
impurities  or  sediment  to  become  deposited,  because  water  cannot  be 
TKirified  instantaneously.     It  should  be   deep   enough   to   prevent   the 
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sediment  being  agitated  and  carried  into  the  boiler ;  the  more  impure  the 
water  is,  the  greater  should  be  the  depth.  The  feed-water  should  not  come 
in  contact  with  the  exhaust-steam,  but  the  steam  should  pass  through  tubes 
around  which  the  feed-water  should  be  made  to  pass.  There  should  be 
no  place  in  the  tubes  in  which  water 
from  condensation  can  lodge,  otherwise 
it  will  cause  back-pressure  and  loss  of 
power;  this  is  best  effected  by  bending 
the  tubes  in  the  form  of  D.  Both  ends 
of  the  tubes  should  be  fixed  in  the  same 
plate,  in  order  to  allow  the  lubes  to 
expand  and  contract  freely ;  and  the 
water  should  either  be  drawn  or  forced 
through  the  heater.  The  tubes  should 
be  made  of  brass,  and  their  area  should 
be  considerably  in  excess  of  that  of  the 
eshaust-pipe  of  the  engine  to  which  the 
healer  is  applied,  otherwise  it  will  cause 
back-pressure  in  the  cylinder.  The  dif- 
ference between  the  rate  of  expansion  of 
brass  and  scale,  prevents  incrustation 
adhering  to  the  lubes,  and  their  heating- 
surface  is  maintained  clean  and  effective. 
An  efficient  feed-water  heater  of  this  de- 
scription is  shown  in  Fig.  104;  it  nil) 
Fig.  104.— F«d-waKr  hcter.  raise  the  temperature  of  feed-water  to 

about  208°  Fanr, 
Tlw  ftnta  of  the  Tab«s  of  m  Feed-water  Seatei  should  not  be  less 
than   that  found  by  the  following  Rule :     Multiply  the   square  of  the 
diameter  of  the  exhaust-pipe  of  the  engine,  for  which  the  heater  is  ititended, 
by  T'2S  ;  the  product  will  be  the  aggregate  area  of  the  aperture  of  tubes. 

Froportioiui  of  Teed-water  He&tera  and  Pnrifien. — The  following 
ptoportions  of  feed-water  heaters  have  been  found  to  answer  well  in  practice. 
The  proportions  are  much  larger  than  actually  required  to  heat  the  water,  in 
order  to  allow  time  for  purifying  the  feed-water  in  its  passage  through  the 
he  liter. 


Table  75. — Proportions 

OF  Feed- WATER  Heaters 

Diameter  of  exhaust  pipe  of 
engine  in  inches .         .         .     , 

Diameter  of  shell  of  heater  in 
inches 

Height  of  shell  in  feet    .        .     . 

Area  of  the  aperture  of  the  tubes 
in  square  inches     . 

1 

>  '', 

H    16 

4  4i 

5  8 

3 

5 

4 

24 
6 

5 
33 

6 

30 
7 

46 

8 

80 

10 

10 

130 

12 

180 

A  Feed-mtar  Seater  wlien  ued  ftor  a  Xarine  Boiler  is  usually 
placed  in  ihe  base  of  the  funnel.    The  feed-water  is  pumped  through  tubes 
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heated  by  the  waste  products  of  combustion,  the  temperature  of  the  water 
being  raised  to  the  extent  of  from  25°  to  40°  with  a  natural  draught.  When 
a  feed-water  heater  of  this  description  is  used  with  a  natural  draught,  it  is 
liable  to  obstruct  and  lessen  the  draught,  and  lower  the  evaporative  power 
of  the  boiler ;  hence,  feed-water  heating  can  onlv  be  efficiently  accomplished 
in  marine  boilers-when  forced  draught  is  used  for  combustion. 

The  Principal  Soala-forming  Substaaiees  in  Feed-water  are, 
carbonate  of  lime,  sulphate  of  lime  or  gypsum,  and  magnesia.  They  are 
soluble  in  cold  water  and  in  water  of  a  moderately  high  temperature,  but 
they  are  insoluble  at  a  temperature  of  303°  Fahr.,  corresponding  to  an 
absolute  steam  pressure  of  70  lbs.  per  square  inch,  as  will  be  seen  from  the 
following  Table. 

Table  ^6, — Solubilities  of  Scale-forming  Substances. 


Soluble  in  parts  of     Soluble  in  parts  of     i^.  .  ..    :«  w  * 
Dencript'ion  of  Substance.                   Pure  Water  at      '      Pure  Water  at        InKduble  in  Water 

1           3>-Fahr.          |          aia' Fahr.             at  Degrees  Fahr. 

Carbonate  of  lime        .    . 
Sulphate  of  lime 
Carbonate  of  magnesia     . 

62514 
510 

5532 

62485 

465 

9623 

303 
303 
303 

The  scale-forming  substances  are  precipitated  by  heating  and  evaporating 
the  water.  In  a  boiler,  part  of  the  precipitation  is  deposited  as  mud  and 
part  settles  on  the  hot  plates  and  forms  scale,  which  is  most  objectionable 
when  it  forms  on  the  furnace  and  tubes,  because  it  resists  the  passage  of 
heat  to  the  water,  and  seriously  detracts  from  the  heat-transmitting  power  of 
the  plates.  The  heat-conducting  power  of  scale,  being  only  about  one- 
thirtieth  of  that  of  metal,  it  keeps  the  water  from  contact  with  tfie  plates  and 
causes  over-heating.  When  water  contains  much  scale-forming  substances, 
the  entrances  to  valve-boxes,  valves  and  cocks  become  furred  and  choked, 
and  all  mountings  are  liable  to  being  rendered  inoperative,  to  leakage  and 
breakage. 

A  thin  coating  of  scale,  not  exceeding  -^  inch  in  thickness,  is  not 
injurious,  and  in  the  case  of  boilers  fed  with  corrosive  waters  may  serve  to 
protect  the  plates  from  wasting,  but  scale  beyond  that  thickness  should  be 
removed ;  when  the  scale  is  very  thick  it  requires  to  be  chipped  off. 

Prevention  of  Scale.— Chemical  compounds  poured  into  a  boiler,  are 
of  no  use  in  either  removing  scale  or  preventing  its  formation,  and  many  of 
them  are  injurious  to  the  plates.  The  mineral  matter  forming  scale  is  first 
precipitated  in  a  boiler  in  the  form  of  powder,  or  sludge,  and  it  should  be 
removed  before  it  has  time  to  deposit  on  the  plates  and  harden  to  form 
scale ;  this  may  be  effected  by  partial  blowing-off .  The  formation  of  scale 
may  be  prevented  by  blowing-off  the  water  from  stationary  boilers,  for  a  few 
minutes  before  stirring  up  the  fires  in  the  morning  and  before  banking  them 
up  at  night,  with  the  pressure  of  the  steam  at  about  5  lbs.  per  square  inch. 
The  best  means  of  preventing  scale  is  to  purify  the  water  before  it  enteis 
the  boiler, 
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Eucalyptus  or  Blue-Chmi  Leaves  possess  the  properties  of  purifying 
bad  water,  and  preventing  and  removing  scale.  Boilers  may  be  cleaned 
by  using  a  fluid  extract  from  these  leaves,  it  precipitates  the  salts  and 
impurities  held  in  solution  in  the  water,  which  are  deposited  in  the  form  of 
mud,  and  may  be  got  rid  of  by  blowing-off.  It  also  slowly  softens  hard 
scale,  and  enables  it  to  be  easily  removed  from  the  plates ;  and  it  leaves  a 
vegetable-deposit  on  the  metal  which  prevents  corrosion  and  pitting. 

Hard  Water  maj  "be  Softened  and  incrustation  prevented  by  the 
addition  of  pure  caustic  soda  to  the  water,  previously  to  its  entering  the 
boiler.  Bad  water  may  be  purified  and  softened  sufficiently  for  use  in 
steam-boilers,  by  keeping  it  at  a  high  temperature  for  some  time  before 
it  is  forced  into  the  boiler.  By  this  means  the  mud  and  impurities 
mechanically  suspended  in  the  water,  and  a  great  portion  of  the  impurities 
chemically  held  in  solution,  may  be  got  rid  of.  When  water  contains  a  large 
quantity  of  lime,  it  should,  after  being  heated  in  one  vessel,  run  through 
another  containing  broken  slag,  on  which  the  lime  will  be  deposited. 

Boilers  should  be  frequently  Cleaned  by  washing  out  when  cold, 
with  water  of  heavy  pressure,  to  detach  mud  and  scale. 

Feed-Water  may  be  Purified  by  one  of  the  following  processes 
recommended  by  Dr.  Angus  Smith : — 

Chalk  Waters  are  best  treated  by  Clark's  process ;  that  is,  by  caustic 
lime. 

Mixed  Chalk  and  Oypsnm  Waters  can  be  precipitated  completely  by 
caustic  soda. 

Gypsnm  Waters  may  be  precipitated  by  carbonate  of  soda,  with  the 
addition  of  a  minute  quantity  of  caustic  soda. 

These  precipitations  should  be  made  in  a  separate  tank,  the  pure  water 
alone  entering  the  boiler. 

Water  containing  Carbonate  of  Zdme  only. — ^Treat  looo  gallons  as 
follows : — For  every  grain  of  carbonate  of  lime  per  gallon  =  looo  grains 
per  lOOo  gallons,  use  1060  grains  of  carbonate  of  soda,  made  caustic  with 
560  grains  of  burnt  lime. 

Water  containing  Sulphate  of  Zdme. — ^Treat  icxx) gallons  asfollows:-- 
For  every  grain  of  sulphate  of  lime  per  gallon  =  1000  grains  per  1000 
gallons,  use  779*4  grains  of  carbonate  of  soda. 

Water  contaiidng  both  Carbonate  and  Sulphate  of  Zdme,  treat 
as  follows  : — For  every  grain  of  carbonate  of  lime  per  gallon,  treat  accord- 
ing to  previous  instructions  for  carbonate  of  lime.  When  the  sulphate  of 
lime  does  not  exceed  8  to  6  of  carbonate,  neglect  it  entirely ;  beyond  that 
quantity,  treat  according  to  previous  instructions  for  sulphate  of  lime. 

Acid  Waters. — Add  carbonate  of  soda  or  an  alkali  to  the  water.  A 
degree  of  acidity  is  the  same  as  the  amount  of  carbonate  of  soda  required 
to  neutralise  it ;  therefore,  for  every  degree  of  acidity  add  one  grain  of 
carbonate  of  soda  per  gallon.  For  '10°  add  'lo  of  carbonate  of  soda  per 
gallon,  made  caustic  or  otherwise.  Carbonate  of  soda  is  preferable,  the  pre- 
cipitation to  be  made  in  a  separate  vessel ;  the  acid  may  be  removed  in  this 
way,  and  the  gypsum  decomposed  according  to  the  previous  instructions. 

*^*  For  further  information  on  feed- water,  see  the  author's  work  "  Steam-Boiler  Con- 
struction," published  by  Crosby  Lock  wood  &  Son,  London. 


CORNISH  STEAM-BOILERS. 


CONSTRUCTION    OF    STEAM-BOILERS. 

Ths  Comisli  Boiler,  shown  in  Figs.  105  and  106,  has  the  shell-plales 
arranged  in  parallel  belts,  aitemately  outside  and  inside,  (he  fibre  of  the 
metal  running  circumferentially.  The  longitudinal  seams  break-joint,  and 
are  double-riveted :   the  circumferential  seams  are  single-riveted.     The 


FIg.»s. 


rigs.  los  and  loS.— Sccdana  at  a  Cornilh  botlir,  willi  Gulloway^ubei. 

ends  are  each  of  one  plate.  The  front-end  plate  is  attached  to  the  shell 
with  outside  angle-iron,  and  the  back-end  plate  with  inside  angle-iron,  (he 
ends  being  stayed  with  gusset-stays,  as  shown.    The  bottom  rivets  of  the 


eoTTugated  fnnuw-tube,  fiilid  uiih  G»ll[n«*>-tul««. 


gnsset-stajs  are  spaced  10  inches  from  the  rivets  of  the  angle-iron  of  th2 
furnace-tube,  in  order  (o  give  elasticity  to  the  end-plates,  to  accommodate 
the  expansion  of  the  furnace-tube.    The  furnace-tube  is  fitted  with  flanged 
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seams,  to  further  accommodate  expansion  and  strengthen  the  furnace-tube, 
and  with  Galioway-tubes  to  increase  the  circulation.  The  strains  on  a  furnace- 
tube  when  the  end-plates  are  held  too  rigidly,  are  very  great,  because  the 
tube  cannot  expand  longitudinally,  and  the  expansion  is  accommodated  by 
the  arching  or  hogging  of  the  tube,  which  at  the  same  time  becomes  oval, 
the  top  and  bottom  of  the  tube  being  flattened  by  the  strain.  This  bending 
action  causes  weakness  in  certain  lines  which  are  liable  to  corrode. 

In  the  case  of  a  Cornish  boiler  20  feet  long,  with  end-plates  too  rigidly 
stayed,  which  constantly  leaked  at  the  rivets  of  the  gusset-stays  on  the 
front  end-plates  and  at  the  seams  of  the  furnace-tube  when  the  steam  was 
up,  it  was  found,  by  fitting  rods  through  stufiing-boxes  on  the  crown  of  the 
shell,  that  the  furnace-tube  arched  or  hogged  to  the  extent  of  \  inch  at  the 
middle  of  the  tube. 

The  Cornish  boiler,  shown  in  Fig.  107,  has  a  corrugated  furnace-tube, 
fitted  with  Galloway-tubes  as  shown.  The  end-plates  are  in  one  piece, 
each  flanged  inwards  where  they  are  attached  to  the  shell.  The  front  end- 
plate  is  flanged  outwards,  and  the  back  end-plate  is  flanged  inwards,  to 
receive  the  ends  of  the  furnace-tubes. 

Lancaaliire  Boildrs,  shown  in  Figs.  108 — 1 10,  have  the  end-plates  in  one 
piece.  The  holes  for  the  furnace-tubes  are  cut  out  in  a  lathe.  The  space 
between  the  furnace-tubes  is  generally  about  6  inches  at  the  narrowest 


Fig.  X08.— Longitudinal  section  of  a  Lancashire  boiler. 


part,  and  that  between  the  furnace-tube  and  the  boiler-  shell  about  5  inches. 
The  end-plates  and  also  the  angle-iron,  or  angle-steel,  are  usually  -,V 
thicker  than  the  plates  of  the  shell.  The  arrangement  of  gusset-stays  for 
staying  the  end-phtes  to  the  shell  are  clearly  shown  in  Figs.  109  and  no. 
The  furnace-tubes  are  plain ;  they  are  united  at  the  joints  with  Adamson's 
flanged-seams,  which  are  strong  and  elastic,  and  the  rivets  of  the  joint  are 
not  exposed  to  the  fire.  The  mouth-piece  of  the  manhole,  shown  in 
Fig.  Ill,  is  of  wrought-iron,  double  riveted  to  the  shell,  the  edge  of  the 
hole  in  the  plate  being  provided  with  a  strengthening-ring.  The  internal 
diameter  of  the  mouth-piece  is  17  inches. 

The    Furnace-tubes    of   Laucaelure    and    Comisk   Boilers   are 
strengthened  with  Adamson's  flanged-seam,  shown  in  Fig.  112;  with  expan- 
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sion-hoops,  shown  in  Fig.  113;  and  with  angle-iron  hoops  or  strengthening- 
rings,  with  a  water  space  underneath,  aa  shown  in  Fig.  114, 
Cornish  and  Lancashire  boilers  are  good  steam  producers,  and  bum  the 


—Section  ihowinj  tbc  back  Mid-plMe 
gustet'Hayt  of  ■  LbdcuIiLr  boiler. 


commonest  description  of  coal.  TTiey  are  usually  fired  with  common  .slack, 
the  consumption  of  which  in  well-arranged  boilers  does  not  exceed  3  lbs. 
per  indicated  horse-power,  and  is  frequently  considerably  less. 
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th»  Msthod  of  Bflttdng  Cozniah  and  LanoMdiir*  Boilen  is  shown 
in  Fig.  1 1 5.  The  flues  are  9  inches  wide  at  the  lop,  and  ample  room  is 
provided  for  the  proper  cleaning  of  the  flues,  and  for  the  external  examina- 


Tig.  It}.— MeitiDd  Ot  Kiiing  Cornbh  ind  Lancuhin  boOen. 
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tion  of  the  plates.  The  flues  are  lined  with  fire-brick,  set  in  fire-clay,  no 
mortar  being  used  where  it  would  come  in  contact  with  the  plates.  The 
boiler  is  set  on  fire-clay  blocks,  having  narrow  bearing  surfaces  in  contact 
.vith  the  plates,  lo  prevent  water  from  leakage,  lodging,  and  corroding  the 
plates.  The  front  end-plate  is  placed  well  above  the  floor,  to  prevent 
corrosion  from  damp  or  leakage  :  and  the  front  wall  is  set  back  from  the 
end-plate,  so  as  to  clear  the  angie-iron,  in  order  that  defects,  or  corrosion 
may  not  be  concealed.  The  flame,  after  leaving  the  furnace-lube,  passes 
under  the  bottom  of  the  boiler  and  returns  to  the  chimney  by  the  side  flues. 
TIm  O«llow»7  Boiler  is  a  very  economical  steam  boiler.  It  contains 
about  15  per  cent,  more  heating  surface  than  the  Lancashire  tjpe,  and  its 
economy  of  fuel  probably  accords  with  this  ratio.  In  a  careful  test  of  one 
of  these  boilers,  1172  lbs.  of  water  were  evaporated  at  ziz"  Fahr.  per  lb. 
of  fuel,  the  percentage  of  water  in  the  steam  being  only  -j? ;  the  cubic  feet 
of  water-space  per  horse-power  was  i4'io,  and  the  cubic  feel  of  steam- 
space  per  horse-power  was  4'04-  Fig-  116  is  a  hack  view  of  a  Galloway 
boiler,  showing  the  arrangement  of  the  tubes  and  the  manner  the  boiler  is 
set  in  brickwork.  The  flame,  after  leaving  the  fu mace-tubes,  passes  first 
round  the  sides  and  then  returns  underneath  the  boiler.  This  method  of 
setting  has  been  found  to  give  the  best  results  with  this  kind  of  boiler. 


Kig.  117.— VcnicalcrassIulirboUer.  Kg-  "B — Verticil!  lubulat-bqilet. 

Vertical  Crom-tnbe  Boilers,  shown  in  Fig.  117,  are  very  much  used 
for  driving  small  engines,  but  lliey  are  not  economical  in  the  consumption 
of  fuel.  It  is  usual  to  allow  about  10  or  11  square  feel  of  heating-surface 
in  these  boilers  per  horse-power. 

Tertical  Tabular-boilers,  shown  in  Fig.  118,  are  more  economical  in 
ihe  consumption  of  fuel,  and  better  steam  producers  than  vertical  cmss-lube 
boilers.  It  is  usual  to  allow  15  or  16  square  feet  of  heating-surface  per 
horse-power  in  these  boilers,  to  compensate  for  the  loss  of  effective  heatiifg 
surface  of  that  portion  of  the  lubes  above  the  water-line.  The  uptakes 
of  vertical  boilers  should  be  provided  with  a  fire-clay  lining  to  prevent  ilie 
plates  being  burnt  above  the  water-line. 
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A  K«oomotiv»foUtr  is  shown  in  Fig.  119.    The  barrel  of  the  boiler 


h  made  of  plates  yV  ''^c'l  lliick,  in  three  rings,  each  of   one  iilatc,  ths 
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internal  diameter  being  4  feet  35  inches  at  smoke-box  end,  and  the  length 
of  the  barrel  10  feet  2  inches.  The  longitudinal  seanis  are  butt-jointed  and 
double-riveted,  with  inside  and  outside  biilt-sCrips  'j\  inches  wide  and 
finches  thick;  the  joints  of  the  rings  are  above  the  water-level.  The 
vertical  seams  have  double-riveted  lap-joints.  The  front  tube-plate  is 
f  inch  chick.  The  top  and  sides  of  the  fire-box  shell  are  in  one  plate 
\  inch  thick,  the  back  plates  \  inch  thick,  and  the  front  plates  -^  inch 
thick ;  the  front  plate  is  flanged  and  riveted  to  the  barrel  of  the  boiler. 
The  fire-box  shell-plates  are  double  riveted  at  the  transverse  and  longitudinal 
seams.  The  front  lube-plate  and  back  plate  of  the  fire-box  are  stayed  to 
the  barrel  by  gusset-stays,  and  the  upper  part  of  the  back  plate  of  the  fire- 

Fis-  IM.  Fig'  "!■ 


Fig^.i 


iij.— S«IioDS  ihowing  ibe  rivtted-joinl 


inch 


box  shell  is  stayed  to  the  front  tube-plate  by  six  longitudinal  stays  i 
diameter.  The  fire-box  tube-plate  is  connected  to  the  boiler-barrel  widi 
seven  palm-stays.  The  fire-box  is  made  of  copper-plates  ;  the  lube- pi  ale  is 
\  inch  thick  tapering  below  the  tubes  to  \  inch  thick  at  the  bottom.  The 
top  and  sides  of  the  fire-box  are  in  one  plate  \  inch  thick,  the  lap  of  plate  is 
af  inches;  diameter  of  rivets  |S ;  pilch  i^inch.  The  sides,  back,  and 
front  plates  of  the  fire-box  are  stayed  to  the  fire-box  casing  by  copper  stays 
J  inch  diameter,  screwed  12  threads  per  inch,  and  pitched  4  inches  centres. 
The  stays  are  serened  into  both  plates,  and  snap-ri\eled  on  the  outside,  and 
hand-riveted  on  the  inside,  the  thread  being-  turned  off  the  porUon  of  the 
stay  between  the  plates.  There  are  151  brass  tubes,  10  feet  %i  inches  long. 
2\  inches  external  diameter,  No.  11  BWG  thick  for  1  foot  next  the  fire-box, 
ben  tapering  to  14  BWG  at  the  other  end,  the  difference  of  thickness  being 
HI  the  inside  of  the  tube ;  they  are  parallel  on  the  outside.  Steel  ferules 
i\  inch  long,  tapering  i  in  24,  are  driven  into  the  fire-box  end  of  the  tubes. 
Sections  of  the  riveted-joints  ate  shown  in  Figs.  120^123. 
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tii^*i34-— Longitudnu]  Hclian  of  a  ungk-codcd 


by  Mr.  I.  Dkkepsoa,  SoDderlaoi' 


—Hair-end  view  uul  crou  icctiDu  of  Lhe  ikuiglc-cudnj  Durmc  bmJer,  rjiown  m  Fig.  t' 
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A  Single-ended  Marine  Boiler  is  shovm  in  Figs.  124  and  125. 
The  boiler-shell  is  12  feet  6  inches  mean  diameter,  and  10  feet  long,  made 
of  steel-plates,  iy\  inch  thick.  It  has  131  plain  tubes,  3^  external  diameter. 
No.  8  wire-gauge  thick;  17  stay-tubes,  3I  external  diameter,  and  ■^\-  inch 
thick,  screwed  into  both  plates  ;  and 
40  stay-tubes,  3^  external  diameter, 
and  I  inch  thick,  screwed  into  both 
plates  with  nuts  on  one  end.  The 
boiler  end-plates  are  stayed  with  10 
steel-stays  2f  inches  diameter,  screw- 
ends  9  threads  per  inch,  pitched  17^ 
inches  centres,  4  stays  in  top  row  and 
6  stays  in  bottom  row.  The  outside 
rows  of  the  steel-stays  at  the  back  of 
the  combustion-chamber  are  i|  inch 


Langiiudiital  Seam*  la*  Joint 
1$.'  rivets. 
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Fig.  136.— Longitudinal  seams  of  the  boiler 
shown  in  Figs.  134  and  125. 


diameter^  the  remainder  being  1 1  inch 
diameter.  The  stays  are  screwed  9 
threads  per  inch,  the  effective  diameter 
beitig  1-22  inch,  and  they  have  nuts  at  both  ends,  the  pitch  of  the  stays  is 
6-^  X  y\  inches.  The  furnace-tubes  are  corrugated,  the  plates  are  \  inch 
thick.  The  longitudinal  seams  of  the  shell  are  lap-jointed,  as  shown  in  Fig. 
126,  the  area  of  the  plate  between  the  rivet-holes  is  =  79*16  percent,  of 
that  of  the  solid  plate,  and  the  area  of  the  rivets  =  87*8  per  cent.  The 
total  grate-surface  of  the  boiler  is  36  square  feet,  and  the  total  heating- 
surface  1350  square  feet:  working  pressure  150  lbs.  per  square  inch. 
A  Double-ended  Marine  Boiler  is  shown  in  Figs.  127  and  128.    The 


Fig.  137.— Longitudinal  section  of  a  double-ended  marine  boiler,  by  the  Barrow  Shipbuilding  Co. 
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boiler  is  ii  feet  mean  diameter,  and  15  feet  2  inches  long,  made  of  Steel- 
plales  l-i'j  inch  thick.  It  has  z88  plain  tubes  6  feet  ^  inch  long,  3  J  external 
diameter.  No.  8  BWG  thick,  swelled  I  inch  at  one  end  ;  84  stay-tubes, 
6  feet  J  inch  long,  and  3^  inches  external  diameter,  |  inch  thick.  The 
length  over  the  tube-plates  is  5  feet  iij  inches.  The  heating-surface  of 
the  lubes  is  i893'4  square  feel;  of  the  furnaces,  i63'4  square  feet;  and 
of  the  combustion-chambers.  i46'9  square  feel;  total  heating-surface, 
2JOi*7  square  feet ;  (irc-graic  area  =  84  square  feet. 


Fig.. 


I.  in  Fig.  . 


Ratio  of  grate-surface  to  heating-surface  =  i  ;  26'2. 
Ralio  of  flue-area  through  lubes,  to  fire-graie  surface  =  i  :  4'88. 
The  plates  are  flanged  outwards  at  one  end  of  the  combustion-chambers 
and  one  end  of  the  boiler-shell,  to  enable  the  boiler 
to  be  completed  by  machine  riveting.     The  crown- 
stays  of  the   combustion -chambers  are  supported  at 
XiXS^iClE'D-'l      ^^^  middle  of  their  length  by  sling-stays  connected 
■F?RwHP-F      to  ^  pair  of  angle  irons  riveted  to  the  shell.     The 
arrangement  of  the   shell-riveting  is  shown   in    Fig, 
^'Si  'tThMa'aia^'^*     '^9'     ^^^  "^^'^  "^  °^  '"''''  ^'^^'  'tV  '"ch  diameter, 
FigM37»niiia8?      "     and  the    rivet-holes  are  drilled  in  place.     The  area 
of  the  plate  between  the  rivet-holes,  and  the  shearing 
area  of  the  rivets  are  respectively  83  per  cent.,  and  8856  per  cent,  of  the 
area  of  the  solid  plate. 

Firo-box-staTi  are  best  made  with  a  small  hole  drilled  through  them,  so 
that  in  the  event  of  a  stay  breaking  it  may  be  known  by  the  leakage  through 
the  hole  in  the  stay. 
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Tb»  Kunne-BoilAT,  shown  in  Figs.  130  and  131,  has  a  shell  9  feet 


DD  af  a  nuHnc  boiler,  by  Simoni  ft  Co. 

mean  diameter,  and  18  feet  long,  made 
of  steel  plates  ^  inch  thick.  The  fur- 
nace-lubes have  plain  plates  J  inch 
thick,  and  3  feet  2  inches  internal 
diameter.  The  end  plates  are  J  inch 
thick,  flanged  inwards  at  each  end  to 
join  ihe  shell.  A  plan  of  the  rivedng 
of  the  shell  is  shown  in  Fig.  132. 
The  working  pressure  is  90  lbs.  per 
square  inch. 


Figi.  130  and  13 


A  MTiaa  Boiler  of  a  Kodified 
LocomotiTS  ^rpe  is  shown  in  Figs. 
133,  134,  it  difiers  from  a  locomotive 
boiler  in  the  following  respects.  The 
fire-box  is  formed  into  a  water-bottom 
from  which  a  steady  supply  of  water 
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is  afforded  lo  the  whole  length  of  ihe  surface  forming  ihe  sides  of  the 
fire-box,  where  [he  evaporation  is  most  intense.  The  combustion- 
chamber  extends  beyond  the  fire-bars,  as  shown  in  Fig  133,  for  the  purpose 
of  assisting  the  combustiun  of  fuel  and  the  ulilisalion  of  the  products 
thereof,  and  of  preventing  intense  heal  from  the  furnace  plajing  direcUy  on 

Kg.  .33.  F.S.  134. 


m 


Fig^.  133— ijs-— Marine  lioLlerof  inoili6edlocoBioiiveiypt,bT  H»irihorn,  L*«lit  ftCa. 

the  tube-plnle.     Fi^.  134  is  a  half  cross  section  through  a  b,  and  through 
c  D  in  Fig.  133,  and  Fig.  135  is  a  half-plan  section  through  K  f  in  Fig.  133. 

Blow-off  Cooki,  shown  in  section  in  Fig.  136,  and  in  plan  in  Fig.  137, 
should  be  fitted  with  a  guard,  as  shown,  in  order  that  the  spanner  for 
turning  the  cock  cannot  be  withdrawn  without  closing  (he  blow-off  cock. 
The  elbow-pipe  for  connecting  the  blow-off  cock  to  the  boiler  should  be 
wrought-iron.  Blow-off  cocks  sliould  be  taken  apart,  examined,  adjusted, 
and  greased  when  a  boiler  is  cleaned. 

Fnsible-Flaffi,  shown  in  Fig.  138,  are  a  safeguard  against  collapse  of  a 
furnace-top  from  over  heating,  when  they  are  of  reliable  construction,  and 
in  good  order  and  clean  on  both  the  fire  side  and  water  side  of  the  plate. 
They  require  to  be  frequently  renewed,  as  the  nature  of  the  alloy  changes 
with  long  service.  Fusible-plugs  should  be  examined  when  a  boiler  is 
cleaned,  and  scraped  clean  on  both  the  fire-side  and  water-side  of  the 
plate.  Brass-cones  filled  with  lead  are  sometimes  used  for  this  purpose, 
but  they  are  not  so  reliable  as  those  filled  with  fusible-metal.  The  following 
alloys  for  fusible  plugs  melt  at  the  temperature  of  steam  of  the  absolute 
pressures  given  below : — 

2  Tin :  1  Lead ;  melts  at  340°F.=terap.  of  steam  of  1 18  lbs.  per  sq.  in. 
ici  „     4      „  „        350°F.=     „  „  135     „ 

»7    ..     4      H  „        37oF-=     „  „  174     „  „ 

4    »      5      ..  »        390°F-=     N  .r  "o    >•  » 

8    „    II      „  „        400^.=     „  „  348    „  .         „ 

Plugs  rdled  with  pure  tin  fuse  at  446°  Fahr.,  and  those  with  lead  at  6ao*  Fahr. 
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In  getting  up  Stmm  the  fire  should  not  be  lighted  until  water  is  viable 
in  the  glass  of  the  water-gauge,  and  the  boiler  should  be  gradually  wanned. 
The  fire  should  be  fed 
regularly,  and  the  grate-  ^^ 

bars  kept  evenly  covered  '*' ' 

with  a  thick  fire  if  there 
be  plenty  of  steam,  and 
with  a  thin  lire  if  short 
of  steam.  In  emptying 
a  boiler,  water  should 
not  be  run  off  under 
steam-pressure  or  when 
the  boiler  and  seating 
are  hot.  In  case  the 
boiler  should  be  found 
to  be  short  of  water,  if 
the  fire  be  thin  and  the 

furnace-crown    is    not  ^, 

overheated,      the       fire 

should  be  drawn  quickly, 

beginning  at  the  front, 

but  if  the  fire  be  thick 

or    the    furnace -crown      ,    ,  ,   , 

overheated,     the      fire      V^-^^AJ        f«,  ■38.-Fv;«bi..piag  by  *<  N.Uoa 

should    be     smothered 

with    either   wet    slack        Figs  136  ud  ih— 

or  wet  ashes,  and  the 

damper  closed. 

Tli«  Time  reqnirod  to  liower  tlie  Watsr  in  k  Boiler,  a  certain  distance 
when  either  a  fusible-plug  or  a  rivet  is  blown  out,  and  the  quantity  of  water 
blown  out,  may  be  found  by  the  following  .Sw/m  ; 

The  quantity  of  water  in  cubic  feet  to  be  lowered  or  blown  ofl  =  the 
surface  of  the  water  in  feet  x  the  depth  in  feet. 

The  quantity  of  water  blown  out  in  one  minute  =  (diameter  of  hole  in 
inches)'  x  z\  constant  X   v' pressure. 

The  lime  in  minutes  re-  J  _  Quantity  of  water  lowered 

quired  to  lower  the  water  J      QuaritTty  oTwater~bTown'out  per  minute. 

Example :  A  rivet  J  inch  diameter  was  blown  out  of  a  boiler  in  which 
the  pressure  of  steam  shown  by  the  steam-gauge  was  64  lbs.  per  square 
inch,  the  depth  of  water  in  sight  in  the  water-gauge  was  5  inches,  the  area 
of  the  surface  of  the  water  was  izo  square  feet :  How  long  would  it  take  to 
lower  the  water  5  inches  ? 

Then  the  depth  of  water  is  5  inches  or  -^  feet, '^ = 50  cubic  feet  of 

water  to  be  blown  out  through  the  rivet-hole. 

and  75  X  75  inch  X  2J  constant  X  ^64=11-25  cubic  feet  of  water  blown 
out  in  one  minute. 
Then  ^°  cubic  feet  the  quantity  to  be  lowered  or  blown  out_    minutes 


45  seconds. 


i'2g  cubic  feet  the  quantity  blown  out  per  minute 
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VatwsTnb*  BoUani  are  those  in  which  water  is  contained  in  a  iiumbei 
of  tubes  of  moderate  size,  the  steam  bein^  generated  from  it  by  heat  applied 
to  the  external  surfaces  of  the  tubes.  It  is  essential  that  the  tubes  of  such 
boilers  be  regularly  supplied  with  good  water,  and  there  must  be  a  rapid 
circulation  of  the  water  to  carry  off  the  heat  absorbed  by  the  tubes,  the 
heating  surfaces  of  which  must  be  kept  clean  and  free  from  deposits  of 
sediment. 

A  Watflr-Tsba  BoUar  of  improved  construction,  with  a  plain  furnace. 


Fig.  139.— Babcock  Mid  WilcoiwUcr.Iubc  boiler. 

ia  shown  in  Fig.  139.  This  boiler  is  essentially  made  of  three  parts,  each 
connected  with  the  others,  viz. : — 

(ist.)  A  series  of  inclined  solid  welded  water-tubes  over  the  furnace,  in 
which  the  water  being  divided  into  small  volumes  is  quickly  raised  to  a 
high  temperature,  and  rises  through  vertical  connecting  boxes  or  "headers" 
at  the  front  end  into— 

(md.)  A  horizontal  steam  and  water  drum,  where  the  steam  separates 
from  the  water — the  remaining  body  of  water  returning  through  the  vertical 
tubes  at  the  back  end  into  the  inclined  water-tubes,  where  it  is  again  heated 
and  again  jtasses  into  the  steam  and  water-drum ;  thus  a  continuous  and 
rapid  circulation  is  kept  up  and  a  uniform  temperature  maintained  through- 
out the  boiler. 

(3rd.)  A  mud-collector  is  attached  to  the  lowest  point  of  the  inclined 
water-tubes,  and  into  this  the  matter  held  Tn  suspension  in  the  water  is  pre- 
cipated  by  its  greater  specific  gravity  as  the  water  falls  through  the  vertical 
tubes  and  tube  boxes  at  the  rear. 

The  results  of  two  tests  of  one  of  these  boilers  are  given  in  Table  77. 
One  of  the  tests  was  with  a  regenerative  furnace,  consisting  of  a  number  of 
fire-clay-blocks,  fitted  between  the  water-tubes  over  (he  furnace,  which  absorb 
a  quantity  of  heat  from  the  fire  while  it  is  bright,  and  part  with  a  portion  of 
such  heat  to  effect  ignition  of  the  gases  evolved  immediately  after  firing. 

Yarrow's  Wfttar-Tnbe  Boil«r. — The  Yarrow  water-tube  boiler,  shown 
In  Fig.  139A,  consists  of  an  upper  cylindrical  chamber,  or  steam-receiver, 
and  two  lower  semi-circular  chambers.  The  steam-receiver  is  connected 
to  the  water-chambers  by  two  circulating  wings,  formed  of  rows  of  straight 
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Table  77. — Results  of  Tests  of  a  Babcock  akd  Wilcox  Watik- 
Ti/BE  Boiler  of  136  Nohinal  Horse-Power. 


PartlcnlarsofTesU. 

Toiwtth 
Funuce. 

Rejfeneralive 

Heating  surface sq.  ft. 

Grate  surface  (6  ft.  long  x  5  ft.  wide)  .        .     sq.  ft. 

Pounds  of  coal  fired lbs. 

Coal  consumed  per  sq.  ft.  of  grate  per  hour.        lbs. 

Total  water  evaporated lbs. 

Water  evaporated  per  hour  ....  lbs. 
Water  evaporated  per  sq.  ft.  heating   surface  per 

hour lbs. 

Water  evaporated  per  lb.  of  coal,  assuming  feed-water 

at  i  1 2°,  and  under  atmospheric  pressure  .  !bs. 
Quality  of  steam— percentage  of  moisture  about  .  . 
Horse-power  developed,  assuming  feed- water  at  212° 

and  steam  pressure  at  70  lbs.  ,  .  H.-P. 
Temperature  of  flue  gases  .  .  ,  about  deg. 
Force  of  draught  in  inches  of  water.        .        inches 

1563 

48100 
6125 

39" 
9'397 

205-8 
500° 
4 

.563 

30 

571! 
!3*. 

T' 

4-86 

11168 
i 

158 

i 

■K 


•■""tS 


&  Co..  Poplar,  Loudon. 


k,  Laado 


tubes,  of  from  i  inch  to  li  inches  diameter,  placed  at  an  angle  of  30°  with 
the  vertical.  The  boiler  is  enclosed  in  a  casing  of  sheet-iron,  surmounted 
by  an  uptake  and  funnel. 

ThoRiaycroft'i  Wat0r-Ta1i«  Boilar. — The  Thomeycroft  boiiers  are 
of  several  different  types,  one  of  which  is  shown  in  Fig.  139B.  There  are 
three  parallel  chambers,  or  drums,  the  upper  one,  or  steam-drum,  being 
connected  to  the  lower  water-drums  by  two  large  straight  downtake  tubes, 
and  also  by  a  large  number  of  curved  generating  tubes,  arranged  in  two 
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groups,  which  enter  the  steam-drum  above  the  water-level.  The  greater 
number  of  these  generating  tubes  are  arranged  with  a  space  all  round  them, 
so  that  the  fuel-gases  may  get  at  every  part :  but,  in  order  to  form  a  flue 
on  each  side  of  the  boiler,  the  two  outer  rows  on  either  side  of  each  group 
are  brought  together,  making  two  pairs  of  tube-walls. 

Spaces  are  left  at  the  lower  ends  of  the  fire-box  rows  of  tubes,  and  at  the 
npper  ends  of  the  outside  rows,  to  allow  the  gases  to  pass  into  the  flues,  and 
thence  to  the  funnel  above.  There  is  a  considerable  bend  in  the  fire-box 
tubes,  BO  that  they  form  an  arch,  which  keeps  the  hot  gases  from  the  under- 
side of  the  steam-drum,  and  prevents  the  ebullition  therein  which  might 
otherwise  take  place.  The  drums  are  also  stayed  by  a  triangular  frame  at 
the  opposite  end  to  the  downtake  tubes.  All  the  generating  tubes  follow 
more  or  less  the  contour  of  the  fire-box  rows,  so  that  there  is  every  facility 
for  expansion. 


CHIMNEYS  FOR  STEAM   BOILERS. 

A  Chiiniiey  requires  sufficient  area  to  carry  off  the  noxious  gases  of 
combustion,  and  sufficient  height  to  produce  a  sufficient  flow  of  air,  or 
draught,  to  maintain  steady  and  efficient  combustion. 

^The  velocity  of  the  hot  gases  of  combustion  may  be  calculated  by  Peclet's 
formula,  which  is — 


+  G(   ^+N  Ui+a/)" 


where  V  =  the  velocity  of  the  hot  air  or  gases  in  the  chimney  in  feet  per 

second ; 

/  =  the  whole  length  of  flues  and  height  of  chimney  in  feet  ; 

/■  =  a  coefficient  of  friction  equal  '012  for  the  passage  of  furnace 
gases  over  sooty  surfaces ; 

d  =  the  diameter  of  round,  or  side  of  square  flues; 

G  =  co-efficient  of  resistance  for  the  passage  of  air  through  the  fire- 
grate and  the  layer  of  fuel  above  it,  which  may  be  taken  at 
40  for  ordinary  boiler-furnaces ; 

N  =  the  number  of  bends  at  right  angles  to  the  direction  of  the 
current. 

Tlie  Actnal  Velocity  of  the  Hot  Oases  in  a  Cliiiiiney  is  in  practice 
very  much  less  than  the  theoretical  velocity,  owing  to  the  friction  of 
winding  flues,  and  to  the  cooling  of  a  portion  of  the  stream  of  gases  in 
passing  through  the  flues  and  chimney.  In  careful  tests  of  a  large  number 
of  chimneys,  in  various  parts  of  this  country,  the  highest  velocity  of  the 
hot  gases  in  factory  chimneys  was  found  to  be  36  feet  per  second,  the 
lowest  3  feet  per  second,  and  the  mean  velocity  12  feet  per  second. 
Therefore,  in  designing  factory  chimneys,  the  velocity  of  the  current  of 
hot  gases  in  the  chimney  may  be  taken  at  1 2  feet  per  second. 
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Sise  of  ChiximeyB  for  Factory-Boilers.— The  draught  power  of  a 
chimney  varies  as  the  square  root  of  the  height.  The  retarding  of  the  ascend- 
ing gases  by  friction  may  be  considered  as  equivalent  to  a  diminution  of  the 
area  of  the  chimney,  or  to  a  lining  of  the  chimney  by  a  layer  of  gas  which 
has  no  velocity.  The  thickness  of  this  lining  may  be  assumed  to  be 
2  inches  for  all  chimneys,  or  to  the  diminution  of  the  area  by  the  product 
of  the  perimeter  by  2  inches  (neglecting  the  overlapping  of  the  comers  of 
the  lining).  In  the  following  formulae,*  let  D  =  diameter,  A  =  area,  E  = 
eflFective  area,  then — 

For  square  chimneys,  E  =  D D  =  A ^/A. 

For  round  chimgeys,  E  =  ir  ^  D*  -  -^  Dj  =  A  -  -592  y/X. 

For  simplifying  calculations  the  coefficient  of  ^  A  may  be  taken  as  '6 
for  both  square  and  round  chimneys,  and  the  formula  becomes  E  =  A  — 

•6  ^/^.  The  power  varies  directly  as  this  effective  area  E.  A  chimney 
80  ft.  high,  42  in.  diameter,  has  been  found  to  be  sufficient  to  cause  a 
rate  of  combustion  of  120  lb.  of  coal  per  hour  per  square  foot  of  area 
of  chimney,  or  if  the  grate  area  is  to  the  chimney  area  as  8  to  i  a  com- 
bustion of  151b.  of  coal  per  square  foot  of  grate  per  hour.  This  is  a  fair 
practice  for  a  boiler  of  modern  type,  in  which  the  flues  or  tubes  are  of 
moderate  diameter,  gas  passages  circuitous,  and  the  heating  surface 
extensive  in  proportion  to  rate  of  combustion,  so  as  to  cool  the  chimney 
gases  from  460°  to  560°,  and  produce  high  economy.  A  chimney  should 
be  proportioned  so  as  to  be  capable  of  giving  sufficient  draught  to  cause  the 
boiler  to  develope  much  more  than  its  nominal  power  in  case  of  emergencies, 
or  to  cause  the  combustion  of  5  lb.  of  fuel  per  nominal  horse-power  of 
boiler  per  hour.  The  80  ft.  by  42  in.  chimney,  having  962  square  feet  area 
will  cause  the  combustion  of  9  62  x  120  =  1154*4  lb.  of  coal  per  hour,  or 
at  5  lb.  of  coal  per  horse-power  per  hour,  is  rightly  proportioned  for  231 
horse-power  of  boilers.  The  power  of  the  chimney  varying  directly  as  the 
effective  area  E,  and  as  ^e  square  root  of  the  height  hy  the  formula  for  the 
horse-power  of  a  boiler  for  a  given  size  of  chimney  will  take  the  form, 

H.-P.  =  C  E  \/>i ,  in  which  C  is  a  constant. 

For  the  80  feet  by  42  inch  chimney,  E  =  A  —  '6  ^A  =  776  square  feet. 

^A  =  8*944  feet. 
Substituting  these  values  in  the  formula  it  becomes  231=0  x  776  x  8*944. 
Whence,  C  =  3*33,  and  the  formula  for  horse-powerjs    _ 

H.-P.  =  3*33  E  y^  or  H.-P.  =  3-33  (A  -  6  ^A)  ^A. 
If  the  horse-power  of  boiler  is  given  to  find  the  size  of  chimney,  the 

height  being  assumed,  E  =  —.^  H.-P. 

For  round  chimneys,  diameter  of  chimney  =  diameter  of  E  +  4  inches, 
for  square  chimney,  size  of  chimney  =  ^/E  -f  4  inches. 

No  allowance  has  been  made  in  these  formulae  for  the  differentes  of 
friction  and  of  rate  of  cooling  of  the  gases  in  chimney.    Therefore  it  will 

*  See  a  Paper  by  Mr.  W.  Kemp,  in  the  "  Mechanical  Engineer." 
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be  necessary  to  deduct  15  per  cent,  from  the  results  obtained  by  these  rules 
to  obtain  the  correct  area  and  power. 

The  Area  at  tlie  Top  of  a  Chimney  for  factory  steam-boilers  is  fre- 
quently made  equal  to  from  -^^th  to  i^th  the  area  of  fire-grate  for  chimneys 
not  less  than  90  feet  high.  When  half  a  dozen  boilers  are  working  together 
with  one  high  chimney,  the  area  at  the  top  of  the  chimney  is  frequently  made 
equal  to  from  ^th  to  -j^th  the  total  area  of  the  fire-grates. 


BOILER-EXPLOSIONS. 

Much  interesting  information  on  the  explosion  of  steam-boilers  has  been 
collected  by  the  chief  engineers  of  boiler  assurance  companies,  whose 
reports  are  very  valuable,  as  they  reveal  the  weak  points  and  defects  in  the 
construction  of  steam  boilers,  and  contain  practical  data  given  by  men  of 
special  training  and  large  eiqperience  in  unravelling  the  causes  of  boiler- 
explosions. 

The  following  information  on  boiler-explosions  comprises  extracts  from 
various  reports  clearly  explaining  the  causes  of  the  explosion  of  steam- 
boilers  of  different  types,  and  other  relative  matter;  the  appearance  pre- 
sented by  the  boilers  after  explosion  is  accurately  shown  by  woodcuts 
which  make  the  matter  very  plain  and  shorten  description.  It  appears 
from  these  reports  that  :— 

Xarine  Boilers  have  exploded  chiefly  from  corrosion,  decay  of  stays, 
and  accumulations  of  salt,  and  scale  or  incrustation. 

XK>comotive  Boilers  have  exploded  chiefly  from  grooving  or  furrowing, 
or  from  cracks  caused  by  the  movement  of  the  shell,  either  from  the  motion 
of  the  boiler,  or  from  the  strains  of  varying  pressure. 

Lancashire  Boilers  have  exploded  chiefly  from  collapse  of  furnace- 
tubes,  weakness,  corrosion,  overheating,  and  improper  setting. 

Cornish  Boilers  have  exploded  chiefly  from  weakness  of  the  large 
single  furnace-tube,  corrosion,  and  improper  setting. 

Plain  Cylindrical  Egg-Ended  Boilers  have  exploded  chiefly  from 
overwork,  causing  frequent  repairs  over  the  fire  to  be  necessary.  The 
enormous  fire-grate  of  these  boilers  allows  them  to  be  forced  to  do  twice  the 
work  they  should  do. 

Portable-Engine  Boilers  have  exploded  chiefly  from  over-pressure  in 
the  hands  of  inexperienced  attendants,  and  from  corrosion. 

Vertical  Bastrick  Fnmace-Boilers  have  exploded  chiefly  from  the 
injury  to  the  plates  by  the  fierce  heat  opposite  the  furnace  necks,  necessitating 
frequent  repairs  and  patching :  and  from  corrosion. 

Water-Tnbe  Boilers  have  exploded  chiefly  from  overheating,  caused  by 
a  deposit  of  sediment  in  the  water-tubes. 

Vertical  Cross-Tnbe  Boilers*  and  Vertical  Tnbnlar  Boilers  with 
vertical  tubes,  used  for  small  engines  and  steam-cranes,  usually  burst  from 
weakness,  either  original  or  from  wasting  of  the  plates  by  corrosion  of  the 
fire-box  and  of  the  plates  underneath  the  fire-box.    This  type  of  boiler  is 
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the  one  which  probably  explodes  the  most,  and  with  disastrous  results ; 
they  require  careful  periodical  inspection.  The  following  particulars  of 
explosions  of  this  class  of  steam-boiler  represent  the  usual  manner  of  their 
failure.    In  an  explosion  of  one  of  these  boilers,  shown  in  Fig.  140,  the 


Fig.  140.— Explosion  of 
a  vertical  boiler  from 
oonrosion  of  fire-box. 


Fig.  141. 
Explosion  of 
a  ^vertical 
boiler  from 
corrosion 
of  fire-box. 


Fig.  14a.— Explosion 
of  a  vertical^  boiler 
from  conxMioD  of 
fire-box. 


Fig.  1^3.— Explosion  of  a 
vertiod  boiler  from  over- 
pressure. 


fire-box  was  very  much  corroded  on  the  fire  side  and  three  pieces  were 
blown  out  of  the  fire-box. 

The  vertical  boiler  shown  in  Fig.  141  exploded  from  corrosion.  The 
fire-box  was  much  corroded  on  the  fire  side  and  ruptured,  a  small  piece  of 
plate  being  bent  inwards.  In  the  explosion  of  the  vertical  boiler  shown  in 
Fig.  142  the  fire-box  was  much  corroded  on  the  water  side  and  collapsed,  a 
piece  being  blown  out  of  the  fire-box.  The  explosion  of  the  vertical  boiler 
shown  in  Fig.  143  was  caused  by  the  safety-valves  having  been  made  fast, 
which  allo>¥ed  the  pressure  to  accumulate  to  more  than  the  boiler  could 


Fig.  144.  Fig.  145. 

Explcsion  of  a  vertical  boiler  from  over^ 
pressure. 


Fig.  i-j6.— Collapse  of 
tne  nre-box  of  a  ver- 
tical boiler  from 
shortness  of  water. 


Fip.  147. — Collapse 
of  the  fire-box  of 
a  vertical    boiler 
from  corrouoo* 


bear,  a  piece  being  blown  out  of  the  fire-box.  In  the  explosion  of  the 
vertical  boiler  shown  in  Figs.  144  and  145  the  safety-valve  was  defective 
from  the  lever  being  bent,  and  the  pressure  accumulated  to  more  than  the 
boiler  could  bear,  especially  as  the  plates  were  thinned  considerably  by 
corrosion  on  the  fire  side.  In  the  explosion  of  the  vertical  boiler  shown  in 
Fig.  146  the  fire-box  collapsed  from  shortness  of  water,  the  attendant 
being  deceived  by  the  water-gauge,  the  connecting  pipes  of  which  were 
choked.  The  explosion  of  the  vertical  boiler  shown  in  Fig.  147  was 
caused  by  corrosion,  the  fire-box  was  much  thinned  by  corrosion  on  the 
fire  side  and  collapsed.  Weakness,  due  to  the  plates  of  the  fire-box  being 
thinned  on  the  fire  side  by  corrosion,  has  been  a  fruitful  cause  of  explosion 
of  this  ty^e  of  boiler. 
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Boiler  Ezploxioiui  may  be  said  to  proceed  chiefly  from  the  following 
causes  : — Corrosion  ;  grooving  or  furrowing  ;  overpressure ;  overheating ; 
injury  to  the  plates  from  the  heat  impinging  too  much  on  one  place; 
weakness ;  deterioriation  ;  defects  in  design  by  which  undue  strains  are 
thrown  upon  the  materials  ;  improper  setting  ;  inefficient  repairs ;  safely- 
valves  sticking  fast  and  allowing  the  pressure  to  accumulate  beyond  the 
working  pressure  ;  weakening  effects  of  unequal  expansion  ;  weakness  from 
wear  and  tear ;  defects  of  workmanship  and  materials. 

CoTTOnon,  both  external  and  internal,  by  which  the  plates  are  gradaally 


(i^ 


d5 


;■  14a.— Eiplmion  of  a  Comiili-boilet  Fig.  14a.— EiplMion  dT  *  Flf.  t^— Eiplcni 

from  coiToiioi)  of  the  shell.  Cornlih  boiler  from  tx-  marine-boiler  fn 


wasted  away  or  thinned,  either  uniformly  or  in  lai^e  or  small  patches,  is  a 
very  prevalent  cause  of  boiler  explosions.  It  can  only  be  detected  by 
careful  periodicaj  inspection  of  boilers  both  inside  and  outside,  and  requires 
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attention  even  if  it  be  confined  to  a  small  patch,  as  the  weakest  part  of  a 
structure  is  the  measure  of  its  strength. 

Ertomal  Corronon  is  frequently  caused  by  leaking  seams,  as  was  the 
case  in  the  boiler  shown  in  Fig.  1 48,  which  was  much  corroded  outside  from 
leaking  seams  and  inside  from  bad  water ;  the  rent  ran  along  longitudinal 
seams,  and  the  upper  part  of  the  shell  opened  out  like  a  lid.  A  bad  case 
of  external  corrosion  is  shown  in  Fig.  149,  the  strength  of  the  shell  at  the 
bottom  of  the  boiler  had  been  so  reduced  by  external  corrosion,  that  it 
ruptured  and  the  rents  spread  over  the  whole  shell,  which  was  torn  into 
three  main  pieces.    The  explosion  of  the  marine-boiler  sho\Mi  in  Fig.  150 
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was  caused  by  corrosion.  The  bottom  of  the  combustion  chamber  was  si) 
much  corroded  on  the  fire  side,  that  it  niptuied  and  part  was  forced 
upwards. 

External  corrosion  weakens  the  fumace-tubes  of  boilers.  This  was  the 
cause  of  the  explosion  of  the  boiler  shown  in  Fig.  151,  the  lower  part  of 
the  furnace-tube  of  which  was  so  much  thinned  and  weakened  by  external 
corrosion,  that  it  collapsed  upwards. 

External  corrosion  may  arise  from  a  damp  situation.  It  is  frequently 
caused  by  contact  with  damp  brickwork.  This  was  the  cause  of  the  explosion 
of  the  boiler  shown  in  Fig.  152,  which  gave  way  at  the  back  end  on  the 
right-hand  side,  where  the  last  plate  was  verj'  much  corroded  from  damp 
brickwork,  the  rent  extended  across  this  pUte,  and  then  up  the  seams  on 
each  side,  for  a  length  of  4  feet  5  inches,  so  that  the  plate  opened  out  like  a 
trap-door.  The  front  end-plate  and  bottom  of  the  front  end  of  the  shell  is 
frequently  corroded  from  the  injurious  practice  of  slacking  ashes  on  the 
floor-plates.  The  bottom  of  the  shell  is  frequently  corroded  by  leakage 
from  the  joint  of  the  blow-off  pipe,  and  the  blow-off  pipe  sometimes 
fractures  from  being  wasted  away  by  corrosion. 

Impxopvr  Setdug  frequently  promotes  external  corrosion,  as  was  the 
case  with  the  exploded  boiler  shown  in  Fig.  153,  which  was  externally 


Fig-  153.— Ejiplo^on  of  a  Lancuhtre-boiler  frani  ejElrrnjil  cormion,  due  to  imi^roper 

corroded  where  it  rested  on  a  centre  wall  or  mid-feather.  It  gave  way  at 
the  bottom,  and  the  fifth  belt  of  plates  was  nearly  torn  out.  Boilers  should 
not  be  set  in  this  way,  because  water  from  leaking  seams  or  other  sources 
settles  on  the  mid-featlier,  and  rapidly  corrodes  the  plates.  Fractured  plates 
and  leaking  seams  have  frequently  been  produced  by  strains  caused  by  the 
'  weight  of  the  boiler  not  being  evenly  distributed  along  its  seating,  due  to 
part  of  the  foundation  settling,  and  from  want  of  care  in  replacing  the 
seating  after  repairs. 

IntsnuJ  Corronon  may  be  produced  by  bad  feed-water,  such  as  is 
obtained  from  wells  in  the  neighbourhood  of  chemical  works,  or  from  mines 
or  deep  wells.  These  and  other  waters,  and  those  impregnated  with  sewage, 
frequently  contain  free  acids  which  rapidly  corrode  the  boiler-plates.  The 
action  of  these  acids  can  in  many  cases  be  neutralized  by  the  proper 
addition  of  soda.     The  feed-water  used  in  the  exploded  boiler  shewn  in 
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Fig.  1 54,  was  very  corrosive,  and  the  furnace-tube  was  rapidly  reduced  in 
strength  by  corrosion  and  collapsed  downwards.      In  some  cases  the 

fumace-tube  collapses  up- 
wards, as  was  the  case  in 
the  boiler  explosion  shown 
in  Fig.  155,  which  being 
much  corroded  internally, 
the  back-end  of  the  fur- 
nace-tube was  so  much 
weakened  that  it  collapsed 
upwards  for  one-half  of 
its  length. 

liBO  is  th«  Best  Bemedy  for  Internal  Ckyrronon,  a  galvanic  action 
being  induced  by  the  contact  of  zinc  with  the  plates  of  the  boiler.  Zinc 
slabs,  1 2  inches  long,  6  inches  wide,  and  ^  inch  thick,  are  suspended  in 
convenient  parts  of  the  boiler,  one  slab  being  used  per  20  indicated  horse- 
power, or  I  square  foot  of  slab  to  2  square  feet  of  fire-grate  surface. 
Philip's  method  of  applying  zinc  for  this  purpose,  consists  of  a  number  of 


Fig.  154. — Explosion  of  a  Cornish-boiler  from  collapse  of  niraaco* 
tube,  from  cuirosiou  due  to  bad  feed-water. 


Fig.  155. — Explosion  of  a  Coniish-boiler  from 
collapse  of  the  fumace-tube,  due  to  internal 
corrosion. 


Fig.  156. —Philip's  method  of  ap« 
plying  zinc  lor  the  prevention  of 
corrosion  in  steam-boilers. 


small  discs  of  zinc  fixed  inside  the  boiler.  Each  disc  or  plate  of  zinc  is 
attached  to  a  stud  about  4  inches  long,  projecting  from  the  plates  of  the 
boiler,  as  shown  in  Fig.  156  :  zinc-sleeves  are  also  attached  to  the  longitu- 
dinal stays.  The  proportions  are  i  square  foot  of  zinc  to  50  square  feet  of 
boiler-plate-surface  below  the  water-level. 

Zinc  has  also  been  used  in  steam-boilers  as  a  disincrustant.  Scrolls  of 
sheet-zinc  are  said  to  be  more  efficacious  than  zinc-blocks.  The  sediment 
in  boilers  using  zinc  contains  a  considerable  quantity  of  that  metal.  In 
one  boiler  employing  this  means  of  preventing  incrustation,  which  was  fed 
with  water  containing  a  large  quantity  of  lime,  the  deposit  collected  when 
the  boiler  was  cleaned  was  found  to  be  of  the  following  composition : — 

Zinc-oxide 37' 15 

Peroxide  of  ion -35 

Lime 20*66 

Magnesia 2*36 

Sulphuric  acid 31*38 

Silica 1*65 

Carbonic  acid 6*45 
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The  Slectrogen  is  said  to  be  very  effective  in  preventing  internal  corro- 
sion. It  consists  of  a  ball  of  zinc  with  a  copper  conductor  cast  through  its 
centre,  the  copper  being  so  amalgamated  with  the  zinc  at  the  junction  of  the 
two  metals  as  to  form  brass,  so  that  corrosion  cannot  form  between  them  to 
stop  the  galvanic  current.  The  electrogen  is  fixed  inside  the  boiler,  a  wire 
from  each  end  of  the  conductor  being  brazed  to  the  plates  of  the  boiler,  a 
constant  galvanic  current  being  kept  up,  by  which  the  interior  of  the  boiler  is 
protected  from  corrosion,  so  long  as  the  zinc  lasts. 

Pitted  Plates  should  be  scraped  and  cleaned  with  a  strong  solution  of 
soda  to  remove  grease  and  acids,  and  then  covered  with  a  thin  coat  of 
Portland  cement  to  fill  up  the  pit-holes,  by  which  means  further  wasting  of 
the  plate  may  generally  be  prevented. 

GrooTing  or  Piirrowing  is  caused  by  the  bending  backwards  and  for- 
wards of  the  plates  of  a  boiler,  either  from  expansion  and  contraction,  or 
from  alternations  of  temperature  and  pressure.  It  is  often  induced  by 
caulking,  which  cuts  through  the  skin  of  the  plate,  and  promotes  corrosion. 
When  the  end-plates  of  a  cylindrical  boiler  are  too  rigidly  stayed,  it  causes 
grooving  either  on  the  end-plates  round  the  edges  of  the  angle-iron,  or 
flanges  by  which  the  furnace-tubes  are  attached  to  the  end-plates,  or  at 
the  root  of  the  angle-iron,  or  comer  of  the  flange  if  the  furnace-tubes  are 
flanged.  When  Cornish  and  Lancashire  boilers  have  not  been  well  set,  or 
when  the  draught  passed  from  the  flue-tubes  first  along  the  side  flues  and  then 
under  the  boiler,  instead 
of  passing  first  under  the 
bottom  of  the  boiler  and 
last  along  the  side-flues, 
the  edges  of  the  ring-seams 
at  the  lower  part  of  the 
shell  have  been  frequently 
found  to  be  deeply  grooved. 
Internal  grooving  is  fre- 
quently found  along  the 
edge  of  longitudinal  seams 
in  the  barrel  of  a  locomo- 
tive-boiler, as  shown  in  Fig. 

157,  when  formed  with  an 
overlap  joint, which  is  caused 
by  the  tendency  of  the  barrel 
to  assume  a  perfectly  circular  form  under  pressure.    This  defect  may  be 
prevented  by  forming  the  seams  with  double  butt-joints,  as  shown  in  F\g. 

158,  which  permit  the  barrel  to  be  made  perfectly  circular.  Many  locomo- 
tive-boilers have  exploded  from  corrosive  grooving,  as  was  the  case  with  the 
boiler  shown  in  Fig.  159,  which  gave  way  at  a  longitudinal  seam,  deeply 
grooved  or  furrowed  from  the  strain  of  being  worked  habitually  at  more 
pressure  than  it  was  able  to  bear  safely. 

The  locomotive-boiler  shown  in  Fig.  160,  gave  way  where  it  was  grooved 
or  channelled  by  internal  corrosion  or  furrowing,  resulting  from  corrosion  in 
a  line  of  strain  from  continued  bending  of  the  boiler-plate  backwards  and 
forwards. 

Oferheatiiig  may  arise  from  shortness  of  water;  defective  circulation ;  a 


fig.  157.— Corrosive  grooving. 


Fig.  Z58.— -Double  butt  rivetted-joint. 
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deposit  of  salt ;  attachment  of  scale,  which  is  a  bad  conductor  of  heat  and 
prevents  the  water  reaching  the  plates  to  carry  off  the  heat ;  a  soapy  deposit 


Fig.   1^9. — Explodon^  of  a  locomotive- 
boiler  from  corrosive- grooving. 


Fig.  x6a— Explosion  of  a  locomotive-boiler  from  corro- 
sive-grooving. 


of  soda  and  grease ;  a  greasy  deposit  from  a  boiler  composition.  It  may 
be  due  to  the  use  of  excessively  thick  furnace-plates;  badly  arranged 
strengthening  rings ;  and  to  the  impingement  of  flame  against  a  double 
thickness  of  plate.  Many  cases  of  overheating  have  been  caused  by  grease 
in  the  feed-water  mixing  with  deposit  in  the  boiler,  and  so  thickening  the 
water  as  to  offer  great  resistance  to  the  transmission  of  heat  and  cause  the 
furnace  crown-plates  to  become  hot,  and  bulge  down  over  the  fire.  In 
many  other  cases  the  furnace  crown-plates  have  become  hot,  strained 
and  bulged  down  from  an  accumulation  of  muddy  or  greasy  deposit 
from  boiler  compositions,  the  plates  having  become  lined  with  a 
glutinous  coating,  which  prevented  the  water  reaching  the  plates  to  carry 
off  the  heat. 

The  Pouring  of  Cold  Water  into  a  Hot  Boiler  will  not  cause  an 
explosion,  because  a  large  quantity  of  steam  cannot  be  generated  by 
throwing  water  on  to  a  hot  plate,  owing  to  the  low  specific  heat  of  the 
material,  which  cannot  retain  sufficient  heat  to  generate  much  steam. 
Therefore  the  pressure  of  steam  cannot  be  sufficiently  augmented  by 
turning  the  feed-water  suddenly  into  an  overheated  boiler,  to  cause  an 
explosion  ;  but  the  plates  maybe  seriously  injured  in  this  way,  by  the  strain 
caused  by  sudden  contraction  after  excessive  expansion,  and  seam-rips  are 
sometimes  caused  by  the  sudden  contraction  of  the  plates  on  filling  the 
boiler  with  cold  water  while  the  bottom  is  hot  after  emptying.  Explosions 
from  overheating  are  generally  caused  by  the  plates  softening  and  rupturing 
at  the  ordinary  working-pressure  of  the  steam. 

When  a  Boiler  Explodes  from  Overheating,  the  crown-plates  of  the 
furnace-tube,  having  become  hot  and  weakened,  are  forced  inwards  towards 
the  furnace,  and  they  usually  bulge  down,  collapse,  and  rupture  over  the 
fire,  as  shown  in  Fig.  16  r.  In  other  cases  the  top  of  the  furnace-tube  has 
bulged  down  and  collapsed  nearly  its  entire  length,  as  shown  in  Fig.  162, 
from  the  weakening  of  the  plates  through  shortness  of  water.  The  explosion 
of  a  marine-boiler  caused  by  a  deposit  of  salt  is  shown  in  Fig.  163.  The 
boiler  was  worked  with  salt  water,  and,  for  want  of  sufficient  knowledge,  it 
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was  not  noticed  that  the  salt  had  accumulated  and  caused  collapse  of  the 
crown  of  the  furnace-tube.    These  three  examples  present  the  usual  appear- 


Fiff.  x6x.— Explosion  of  a  boiler 
from  c(  Uapse  of  the  furnace- 
tube  from  over-heating,  due 
to  shortness  of  water. 


Fig.  169.— 'Explosion  of  a  Cornish- 
boiler  from  collapse  of  the  furnace- 
tube  from  overheatingi  due  to 
shortness  of  water. 


Fie.  163.  — Col- 
lapsed furnace- 
tube  of  a  ma- 
rine-boiler 
which  exploded 
from  a  deposit 
of  salt. 


ance  of  a  boiler  furnace-tube  collapsed  from  overheating  of  the  plates  from 
deposit  and  shortness  of  water. 

Fnniace-PlateB  in  X'ractnrmg  from  Overlieatiiig  assume  certain 
colours  which  denote  the  temperatures  at  which  they  were  fractured.  The 
fracture  of  the  overheated  plates  becomes  the  following  colours  at  the 
respective  temperatures  given: — Bright  yellow  at  440°  Fahr.,  orange  at 
470*^,  red  at  510^,  violet  at  530°,  blue  at  560°,  green  at  630°  Fahr.,  and  a 
dull  bluish-grey  colour  at  higher  temperatures.  The  fracture  of  iron  at 
temperatures  between  212°  and  360°  Fahr.  is  of  a  clear,  bright,  whitish-grey 
colour,  but  these  temperatures  do  not  weaken  iron. 

ShortneBB  of  Water  may  be  due  to  inattention  to  water-gauges ;  to 
the  feed-valve  sticking  fast  or  being  out  of  order ;  to  failure  in  the  supply 
of  feed-water  ;  to  excessive  priming ;  to  leakage  from  fractured  plates  and 
pipes ;  and  to  neglecting  to  shut  the  blow-off  cock.  Shortness  of  water 
was  the  cause  of  the  explosion  of  the  marine  boiler  shown  in  Fig.  164. 
The  top  of  the  combustion-chamber  was  so  much  weakened  in  this  way, 
that  it  partially  collapsed. 

Weak  Fnniace-TiibeB  have  been  the  cause  of  many  boiler  explosions. 
The  furnace-tubes  of  most  old  boilers  are  weaker  than  the  shells,  their  col- 


Fig.  164. — ^Explosion  of  a  marine-boiler  from 
collapse  of  combustion-chamber,  due  to 
shortness  of  water. 


Fig.  165.— Explosion  of  a  Cornish-boiler  from 
a  Mifeak  fumace-tubc  and  overpressure. 


lapsing  pressure  being  generally  much  less  than  the  bursting-pressure  of  the 
shells.  A  weak  furnace-tube  was  the  cause  of  the  explosion  of  the  Cornish 
boiler  shown  in  Fig.  165,  the  furnace-tube  of  which,  being  without 
strengthening-rings,  and  much  wasted  by  corrosion,  collapsed  in  the 
manner  shown,  from  over-pressure. 
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I,  relative  to  the  strength  of  a  boiler,  may  be  due  to  either 
the  safety-valve  being  overweighted,  or  to  its  sticking  fast  and  being  in- 
operative; to  water  freezing  in  the  escape-pipe  when  the  safety-valve  is 
bonneted,  or  to  an  accumulation  of  water  in  the  escape-pipe ;  to  fixing  the 
working-pressure  of  the  steam  too  high  for  the  condition  of  the  boiler ;  to 
overrating  the  strength  of  the  boiler ;  to  ignorance  of  the  quality  of  the 
plates ;  and  to  the  omission  of  making  proper  allowance  for  diminution  of 
the  strength  of  the  plates  from  wear  and  tear. 

When  a  Weak  Fnmace-Tiibe  fiule  from  Over-preesiire  it  usually 
collapses  from  end  to  end,  and  the  bottom  of  the  furnace-tube  generally 
comes  up  to  meet  the  top  of  the  tube,  that  is,  the  tube  collapses  downwards 
at  the  crown  and  upwards  at  the  underside  at  one  and  the  same  time. 
Weakness  and  over-pressure  were  the  cause  of  an  explosion  of  a  Cornish 
boiler,  the  collapsed  furnace-tube  of  which  is  shown  in  Fig.  166.    The 


Fig.  166.— Explosion  of  a  Cornbh-boller  from  a  weak  furnace  tube. 

furnace-tube  collapsed  nearly  from  end  to  end,  the  bottom  being  forced 
upwards  and  ruptured.  There  were  no  strengthening  rings,  and  the  fur- 
nace-tube was  so  much  reduced  in  thickness  by  corrosion  that  it  was  too 
weak  to  bear  the  ordinary  pressure. 

When  a  Weak  Boiler-Shell  gives  way  from  Over-preMnDLre  a  rent 
may  be  made  in  the  plate,  or  a  piece  of  the  shell  may  be  blown  out 
Many  boilers  have  been  weakened  and  injured  by  shoc^is  from  the  sudden 
opening  and  shutting  of  stop-valves ;  from  severe  tensile  strains  from  con- 
traction caused  by  the  sudden  impingment  of  cold  water  and  cold  air 
against  hot  plates ;  by  unequal  contraction  caused  by  introducing  the  feed- 
water  at  too  low  a  point  of  the  boiler ;  by  the  injudicious  manner  in  which 
mountings  are  fixed  on  the  boiler ;  by  frequent  repairs,  careless  patching, 
and  excessive  caulking ;  by  emptying  boilers  under  pressure  and  cooling 
them  too  hastily,  and  by  emptying  them  while  the  surrounding  brickwork 
Is  hot. 

WeaknesB  from  Wear  and  Tear  has  been  the  cause  of  numerous 
boiler-explosions.  The  defective  condition  of  the  boilers  being  due  to 
their  continuing  at  work  too  long,  and  being  so  much  weakened  by  wear 
and  tear  as  to  be  unsuitable  for  their  working  pressure,  and  they  burst 
simply  because  the  plates  had  worn  too  thin  to  any  longer  sustain  the 
ordinary  pressure.  The  explosions  might  have  been  prevented  by  reducing 
the  working  pressure  to  suit  the  age  and  condition  of  the  boilers.  Weak- 
ness from  wear  and  tear  was  the  cause  of  the  explosion  of  the  boiler  shown 
in  Fig.  167,  the  furnace-tube  of  which  was  so  much  reduced  in  thickness  by 
long  wear,  that  it  was  unable  to  bear  the  ordinaxy  working  pressure  any 
longer,  and  it  collapsed  from  end  to  ehd. 

Fraotnred  Plates  may  be  caused  by  overheating ;  weakness ;  brittle- 
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Fig.  167. — Explosion  of  a  Cornish  boiler  from  collapse  of  the  fur- 
nace-tube from  weakness,  due  to  wear  and  tear. 


ness;  bad  workmanship;   fatigue  from  long  exposure  to  strains,  due  to 
variations  of  pressure ;  unequal  expansion  of  the  material  in  different  parts 
of  the  boiler;   want  of 
freedom  to  expand  and  P^ 

contract;   and  by  sud-       ^ I,     J 

den  contraction,  due  to 
the  impingement  of  cold 
water  or  cold  air  on  hot 
plates. 

Defects  in  the  De- 
sign of  Boilers  which 
have  led  to  explosions 

are : — ^Impeded  convection  from  crowded  tubes ;  defective  circulation  from 
crowded  tubes ;  defective  circulation  from  cramped  water-spaces ;  insuffi- 
cient inclination  of  water-tubes ;  omitting  to  provide  holes  in  the  shell,  for 
manholes,  domes,  mudholes,  and  mountings,  with  strengthening  rings; 
oval  manholes  placed  with  the  longest  diameter  in  the  longitudinal  direc- 
tion of  the  boiler ;  stays  cut  away  to  clear  obstructions ;  the  use  of  cast- 
iron  for  mouthpieces  and  stand-pipes,  or  seatings  for  mountings,  instead  of 
wrought-iron  or  steel ;  omitting  to  provide  for  expansion  and  contraction  of 
the  metal  by  heat ;  errors  in  the  arrangement  of  stays ;  imperfect  staying ; 
staying  too  rigidly ;  omitting  to  stay  flat  surfaces  ;  stiffening  flat  end-plates 
instead  of  staying  them ;  omitting  to  strengthen  furnace-tubes  with 
strengthening-rings  and  flanged  seams;  longitudinal  seams  placed  in  a 
continuous  line  from  end  to  end,  instead  of  being  crossed. 

DefBCtiTe  Workmanship  may  be : — Injuring,  straining,  or  fracturing 
the  metal  in  flanging,  dishing,  bending,  hammering,  or  punching ;  burning 
plates  or  rivets ;  injuring  or  fracturing  plates  by  drifting  blind  rivet-holes 
to  force  them  in  line;  careless  caulking;  faulty  riveting;  rivet-holes  not 
fair,  causing  distorted  rivets ;  defective  welding  of  stays  and  plates ;  imper- 
fect threads  on  bolts  and  nuts,  and  in  the  holes  for  screwed  stays ;  and 
rivets  not  fitting  their  holes. 

DefbctiTe  Materials  may  be  : — ^Weak  rivets ;  laminated,  blistered  or 
burnt  plates ;  plates  of  brittle,  inferior,  or  hard  quality,  so  much  deficient 
in  ductility,  and  of  such  an  unyielding  nature  that  they  soon  suffer  under 
strain,  and  break  instead  of  elongating  as  tough  plates  would  do.  It  is 
essential  that  boiler-plates  should  be  ductile,  because  when  a  plate  is  hard 
and  unyielding,  each  rivet,  and  the  plate  between  the  rivet-holes,  has 
frequently  to  bear  an  undue  strain,  which  would  be  spread  over  a  longer 
line  in  a  tough  plate.  A  severe  strain  may  be  caused  by  the  giving-way  of 
a  rivet,  or  by  the  plate  tearing  between  the  rivet-holes,  when  the  strain 
would  come  on  the  adjacent  parts  with  a  jerk.  All  steam-boilers  should 
be  efficiently  and  periodically  inspected  by  an  independent  authority. 

A  Boiler^  when  not  in  nse,  may  be  preserved  from  corrosion  by 
drying  it  thoroughly  with  brasiers  of  burning  charcoal,  and  placing  pans  of 
quicklime  inside,  and  afterwards  closing  all  openings  to  prevent  the  admis- 
sion of  atmospheric  air.  The  quicklime  will  absorb  any  moisture  remain- 
ing in  the  boner  after  it  is  closed.  The  boiler  should  be  opened  and  the 
qoicklinle  renewed  at  least  twice  a  year.  Another  method  is  to  fill  the 
boiler  quite  full  of  water,  if  the  water  be  not  of  a  corrosive  nature,  and 
close  all  openings  to  prevent  the  admission  of  air. 
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Method  of  TestiBg  a  8teaiii-Boil«r  under  ordinary  working  con- 
ditions.— Connect  the  feed-pipe  to  a  tank  placed  upon  a  weighing-machine, 
so  that  the  water  entering  the  boiler  may  be  weighed.  With  the  pressure 
of  the  steam  and  the  level  of  the  water  in  the  boiler  at  the  ordinary  working- 
height,  and  the  fires  ready  for  stoking,  clear  out  the  clinkers  and  ashes,  and 
note  the  condition  and  level  of  the  fires  and  the  level  of  the  water  in  the 
water-gauge.  Then  commence  the  test : — stoke  the  fires  from  a  weighed 
heap  of  coal,  and  shovel  into  the  furnaces  all  small  coals  and  cinders  which 
fall  through  the  fire-bars  during  the  trial.  Regulate  the  draught  by  the 
damper  to  maintain  a  nearly  uniform  working-pressure  of  steam,  without 
blowing  off  at  the  safety  valves.  Note  the  pressure  of  the  steam  and  the 
temperature  of  the  feed-water  every  half-hour.  Towards  the  end  of  the 
test,  allow  the  fires  to  burn  down  until  ready  for  stoking,  clear  out  the 
clinkers  and  ashes,  and  leave  the  fires  as  nearly  as  possible  in  the  same 
condition  at  the  end  of  the  test  as  they  were  at  the  commencement.  Weigh 
the  clinkers  and  ashes  and  find  the  average  of  the  steam  pressures,  and 
that  of  the  temperature  of  the  feed-water,  and  note  the  quantity  of  coal 
and  water  consumed.  The  results  of  the  test  may  be  calculated  as  shown 
by  the  following  example: — A  Lancashire  boiler  7  feet  diameter,  28  feet 
long,  with  two  furnace-tubes  33  inches  diameter,  having  33  square  feet  of 
fire-grate  surface,  was  carefully  tested.  It  had  heating-surface = internal 
flues  398  square  feet,  Galloway  tubes  56  square  feet,  external  side  flues  270 
square  feet,  bottom  98  square  feet,  or  a  total  of  822  square  feet.  The  result 
being  that,  2480  lbs.  of  good  small  coal  evaporated  20832  lbs.  of  feed-water 
at  51°  Fahr.,  to  steam  of  66  lbs.  per  square  inch  average  pressure,  in  five 
hours  =  2480  lbs.  -i-  5  =  496  lbs.  of  coal  burnt  per  hour,  and  496  lbs. -j-  33 
square  feet  =15  lbs.  of  coal  burnt  per  square  foot  of  fire-grate  surface  per 
hour.  The  weight  of  coal  burnt  per  square  foot  of  boiler  heating-surface 
was  =  496  lbs.  -*-  822  square  feet  =  '63  lb.  per  hour.  The  clinkers  and 
ashes  weighed  155  lbs.=(i55  x  ioo)-r-248o  lbs.=6-25  per  cent,  of  the  coal 
consumed.  The  water  evaporated  was  20832  lbs. -7-5  hours=4 166*4  lbs. 
per  hour  =  41 66*4  lbs.  -r  33  square  feet  =  126*25  ^^s.,  or  126*25  l^s,  -♦- 
10  lbs.=  i2'625  gallons  per  square  foot  of  fire-grate  surface  per  hour;  and 
=4166*4  lbs.-7-822  square  feet  of  heating-surface  =5 '07  lbs.  of  water  per 
square  foot  of  boiler  heating-surface  per  hour.  Then  20832  lbs.  of  water 
-T-  2480  lbs.  of  coal  =  8*4  lbs.  of  water  evaporated  per  lb.  of  coal.  The 
total  heat  of  steam  of  66  +  15  =  81  lbs.  per  square  inch  absolute  pressure 
is,  from  table  79,=ii78  units,  and  the  factor  of  evaporation  is=(ii78-|- 
32) — 51°  temperature  of  feed  water-r-966=i'2,  and  8*4  lbs.  of  water  x  1*2 
=  io*o8  lbs.  the  equivalent  quantity  of  water  evaporated  from  and  at  212° 
Fahr.  The  heat  evolved  during  combustion  was,  =  2480  lbs.  of  coal  X 
io*o8  lbs.  of  water  X  966  heat-units  per  lb.=24i48454  units,  and  assuming 
the  calorific  power  of  the  coal  at  i  ^000  thermal  units,  the  efficiency  of  this 

.    .,     .         Heat  utilised      24148454  units.  , 

boiler  IS  =  ^7—1 v~a—     q    lu    r  ='6q. 

Heat  supplied     2480  lbs.  x  14000  units       ^' 

that  is,  presuming  no  water  was  carried  with  the  steam  from  priming. 

By  the  rule  on  page  178,  the  power  of  this  boiler  is=(4 166*4  lbs.  per  hour 

X  V2  the  factor  of  evaporation)-r34*5  lbs.=i67  actual  horse-power.    The 

nominal  horse-power  is  =  (4166*4  x  1*2)  -f-  62*4  lbs.  per  cubic  foot  =  80 

nominal  horse-power. 
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tact  with  water,  as  in  the  cylinder  of  a  steam-engine,  it  may  be  expanded, 
and  again  compressed  up  to  the  limit  of  saturation,  and  it  will  follow 
approximately,  though  not  precisely,  the  law  of  Boyle  or  Mariotte  ;  that  is 
to  say,  the  pressure  is  nearly  in  the  inverse  ratio  of  the  volume,  insomuch 
that  when  the  volume  is  doubled,  the  pressure  is  reduced  to  about  one-half, 
and  when  the  volume  is  trebled,  the  pressure  is  reduced  to  about  a  third. 

Superheated  Steam. — Superheated  steam  is  amenable  to  the  laws  of 
permanent  gases,  and  behaves  as  one  of  them,  expanding  and  contracting 
in  the  inverse  ratio  of  the  pressure,  when  the  temperature  is  constant,  with- 
out the  condensation  of  any  portion  of  it 

I>eiudt7f  FreBsnre,  and  Temperature  of  Steam. — It  follows  from 
the  above:  ist.  That  one  density  and  one  pressure  relative  to  one 
temperature  are  attained  in  a  steam-boiler ;  these  several  qualities  are  in 
equilibrium,  and  the  steam  is  in  a  state  of  saturation.  2nd.  That  so  long 
as  the  state  of  saturation  corresponding  to  a  given  temperature  is  not 
attained,  evaporation  continues;  and  when  attained,  evaporation  ceases. 
3rd.  If  the  capacity  of  the  boiler  be  increased,  evaporation  is  resumed, 
until  the  state  of  saturation  is  again  arrived  at.  Likewise,  if  the  tempera- 
ture be  increased,  evaporation  is  resumed,  and  continues  till  the  steam  again 
becomes  saturated.  4th.  If  the  temperature  falls,  the  pressure  and  the 
density  fall  also.  5th.  If  the  boiler  be  closed,  and  the  steam  remain  at  the 
same  temperature,  the  conditions  remain  unchanged.  But,  if  an  opening 
be  made  for  the  outflow  of  steam,  the  pressure  will  fall,  and  evaporation 
will  be  recommenced,  until  saturation  is  re-established.  This  new  genera- 
tion of  steam  is  very  rapid,  so  much  so  that  the  pressure  does  not  sensibly 
vary  between  and  during  the  charges  of  steam  taken  from  the  boiler  for 
each  stroke  of  the  piston. 

Economy  in  the  production  of  Steam-power  increases  with  the 

pressure  of  steam,  because  the  total  heat  required  to  generate  steam  being 

the  same  for  all  pressures,  the  same  quantity  of  fuel  is  required  to  evaporate 

a  given  weight  of  water  whether  the  pressure  be  high  or  low,  and  the  higher 

the  pressure  the  greater  the  power.    The  relative  value  of  steam  of  different 

pressures  when  used  without  expansion  varies  as  the  pressure  X  by  the 

volume.    Take  for  instance  steam  of  50  lbs.  and  1 50  lbs.  per  square  inch 

absolute  pressure,  and  assuming  an  evaporation  of  10  lbs.  of  water  per  hour 

per  lb.  of  coal,  then  10  lbs.  X  8*2  cubic  feet  per  lb.  the  volume  of  the  steam 

X  50  lbs.  pressure  =  4100,  and  10  x  3  cubic  feet  per  lb.  the  volume  of 

,                          ,,                              .      c  4500  —  4100  X  100 
the  steam  x  150  lbs.  =  4500,  or  a  gam  of --^ =   say  10 

per  cent.:  if  the  steam  were  used  expansively  the  gain  by  the  higher 
pressure  would  be  considerably  greater,  as  the  available  rate  of  expansion 
increases  with  the  pressure,  and  the  percentage  of  back-pressure  is  less  as 
the  total  mean-pressure  is  greater. 

Temperature  of  Saturated  Steam. — Steam  when  in  contact  with  the 
water  producing  it,  is  at  the  maximum  density  consistent  with  that 
temperature  and  pressure,  and  is  then  called  saturated  steam,  and  its 
temperature  is  called  the  maximum  temperature  of  saturation  at  the  given 
pressure.  A  certain  pressure  accompanies  a  fixed  temperature  of  steam 
and  vice  versd,  so  that  one  can  not  increase  or  decrease  without  a 
corresponding  change  in  the  other,  as  will  be  seen  from  Table  78. 
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Table  78. — ^Temperature   and   Volume  of  Saturated  Steam  from 
THE  Experiments  of  Regnault,  Fairbairn,  and  Tate. 


Total  PnstOR  of 

Volume  or 

Total  Pressure  of 

Volume  or 

the  Steun  in  lbs. 

Temperature 
in  degrees, 

Number  of  Cubic 

the  Steam  in  lbs. 

Temperature 
in  degrees, 
Fahrenheit. 

Number  of  Cubic 

per  Square  Inch, 

Feet  of  Steam 

per  Square  Inch, 

Feet  of  Steam 

including  the 

from  one  Cubic 

including  the 

from  one  Cubic 

PresHire  of  the 

K  dill  CIUICU* 

Foot  of  Water. 

Pressure  of  the 

Foot  of  Water. 

Atmosphere. 

Water = I  8139*. 

Atmosphere. 

Water  =  I  at  39*. 

1 

0 
102 

17,985 

41 

e 
269 

614 

2 

127 

10,355 

42 

271 

600 

3 

142 

7,i85 

43 

272 

587 

4 

154 

5,610 

44 

273 

574 

5 

163 

4,567 

45 

275 

562 

6 

171 

3.852 

46 

276 

551 

7 

177 

3^332 

47 

277 

539 

8 

'P 

2,936 

48 

279 

529 

9 

189 

2,625 

49 

280 

519 

10 

194 

2,375 

50 

281 

509 

II 

198 

2,167 

51 

283 

499 

12 

202 

1,994 

52 

284 

490 

13 

206 

1,846 

53 

285 

482 

14 

210 

1,720 

54 

286 

473 

H7 

212 

1,642 

55 

287 

465 

»5 

213 

1,609 

56 

288 

457 

16 

217 

1,512 

57 

290 

450 

17 

220 

1,427 

58 

291 

443 

18 

223 

1,350 

59 

292 

436 

19 

226 

1,282 

60 

293 

429 

20 

228 

1,220 

61 

294 

422 

21 

231 

1,165 

62 

295 

416 

22 

234 

1,113 

63 

296 

410 

23 

236 

1,067 

64 

297 

404 

24 

238 

1,024 

^1 

298 

398 

25 

240 

985 

66 

299 

392 

26 

243 

948 

67 

300 

387 

27 

245 

915 

68 

301 

382 

28 

247 

883 

69 

302 

377 

29 

249 

.    854 

70 

303 

372 

30 

251 

827 

71 

304 

367 

31 

253 

801 

72 

305 

362 

32 

.     254 

767 

73 

306 

357 

33 

256 

755 

74 

307 

353 

34 

258 

734 

75 

308 

349 

3§ 

260 

714 

76 

309 

344 

36 

261 

695 

77 

310 

340 

37 

263 

677 

78 

310-2 

336 

38 

264 

660 

79 

3" 

332 

39 

266 

644 

80 

312 

329 

40 

268 

628 

81 

313 

325 

246 
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Table  78  continued, — Tempkrature  and  Volume  of  Saturated  Steam. 


Total  Pressure  of 

Volume  or 

Total  Pressure  of 

Volume  or 

the  Steam  in  lbs. 

Temperature 
in  degrees, 
Fahrenheit. 

Number  of  Cubic 

the  Steam  in  lbs. 

Temperature 
in  degrees, 

Number  of  Cubic 

per  Square  Inch, 

Feet  of  Steam 

per  Square  Inch, 

Feet  of  Steam 

including  the 

from  one  Cubic 

including  the 

from  one  Cubic 

Pressure  of  the 

Foot  of  Water. 

Pressure  of  the 

r  Aiuwiiicii* 

Foot  of  Water. 

Atmosphere. 

Water  =  I  at  39*. 

Atmosphere. 

Water=iat39'. 

82 

314 

321 

125 

345 

220 

83 

315 

318 

130 

348 

212 

84 

316 

314 

135 

350 

206 

85 

316-2 

3" 

140 

353 

198 

86 

317 

308 

145 

356 

193 

87 

318 

304 

150 

359 

185 

88 

319 

301 

155 

362 

180 

89 

320 

298 

160 

364 

175 

90 

3202 

295 

165 

367 

170 

91 

321 

292 

170 

369 

165 

92 

322 

289 

175 

371 

160 

93 

323 

286 

180 

373 

156 

94 

323*3 

284 

185 

376 

152 

95 

324 

281 

190 

378 

149 

96 

325 

278 

195 

380 

145 

97 

326 

276 

200 

382 

142 

98 

327 

273 

210 

387 

136 

99 

327-2 

271 

220 

390 

130 

100 

328 

268 

230 

394 

124 

105 

332 

257 

240 

398 

120 

no 

335 

246 

250 

403 

"5 

115 

338 

238 

275 

410 

109 

120 

342 

228 

300 

418 

97 

The  PropertieB  of  Satnrated  Steam  are  given  in  the  following 
table. 

Table  79. — ^Weight,  Volume,  Total  Heat,  and  Latent  Heat  of 
Steam  from  the  Experiments  of  Regnault,  Fairbairn,  and  Tate. 


Total  Frxssurb. 

Weight. 

Volume. 

Units  of 
Hkat. 

Units  op 
Heat  Latent. 

In  lbs.  per 
Square  Inch. 

In  Inches  of 
Mercury. 

In  lb.  per 
Cubic  Foot. 

Cubic  Feet 
per  lb. 

Total  per  lb. 
from  32*  Fahr. 

Latent  Heat 
per  lb. 

I 
2 

3 

4 

5 
6 

7 
8 

2-037 
4-074 

6-III 
8-148 
10-185 
12-22 
14*26 
16-29 

•0034 

•0060 

0086 

0112 

•0137 

0162 

•0188 

•0213 

289 

166 

117 

90 

74 

62 

54 
47 

III3 
II2I 
II26 
II29 
II32 

II34 
II36 

II38 

1044 
1027 
IO16 
1008 
lOOI 

996 

991 

987 

.    1 
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Table  79  continued. — ^Weight,  Volume,  etc.,  of  Steam. 


Total  Pressurb. 

Weight. 

Volume. 

Units  of 
Heat. 

Units  op 
Heat  Latent. 

In  lbs.  per 

In  Inches  of 

In  lb.  per 
Cubic  Foot. 

Cubic  Feet 

Total  per  lb. 

Latent  Heat 

Square  Inch. 

Mercary. 

per  lb. 

from  3a  Fahr. 

per  lb. 

9 

1833 

•0238 

42 

1 140 

983 

10 

20-37 

•0263 

38 

1141 

979 

II 

22-41 

■0288 

35 

1143 

978 

13 

24-44 

•0315 

32 

1 144 

973 

»3 

26-48 

•0338 

30 

"45 

971 

14 

28-52 

•0363 

28 

II46 

968 

147 

29-92 

•0380 

27 

1147 

966 

15 

3055 

■0388 

26 

"475 

965 

16 

3259 

0415 

25 

1 148 

963 

17 

34-63 

•0438 

23 

"49 

961 

18 

36-67 

•0463 

22 

1 150 

959 

19 

3871 

•0487 

21 

1151 

958 

30 

40-74 

•0512 

20 

1152 

956 

21 

42-78 

•0536 

19 

"53 

953 

22 

44-82 

•0561 

18 

"535 

951 

23 

46-85 

•0586 

17 

"54 

950 

24 

48-89 

•0610 

ir-5 

"55 

948 

25 

50-93 

•0634 

16 

1156 

946 

26 

5297 

•0659 

15-2 

1 156-5 

945 

27 

55-00 

•0683 

147 

"57 

943 

28 

57-04 

•0707 

14-2 

"57*5 

942 

29 

59-08 

•0731 

137 

1158 

940 

30 

61-11 

•0755 

13-3 

"59 

939 

31 

63-15 

•0780 

12*9 

1159-5 

938 

32 

65-19 

•0804 

12-5 

1 160 

936 

33 

67-23 

•0828 

12*1 

1 160-5 

935 

34 

69-26 

•0850 

11-8 

1161 

934 

35 

71-30 

•0875 

irs 

1161-5 

933 

36 

7334 

•0899 

II'2 

1162 

931 

37 

75-38 

•0923 

10-9 

ii62'5 

930 

38 

77-41 

•0947 

lOO 

1 163 

929 

39 

7945 

•0971 

io'4 

1163-5 

928 

40 

81-49 

•0994 

lO'I 

1 164 

927 

41 

83-52 

•IOI8 

99 

1164-5 

926 

42 

85-56 

•104 1 

97 

1165 

925 

43 

87-60 

•1065 

9*4 

1165-5 

924 

44 

89-64 

•1088 

92 

1166 

923 

45 

91-67 

•III2 

9'o 

1 166-5 

922 

46 

93-71 

•II35 

^ 

1166-8 

921 

47 

95-75 

•II58 

f7 

1 167 

920 

48 

97-08 

'I182 

^'5 

I  67*5 

919 

49 

99-82 

•1205 

8-3 

1167-8 

91S 
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Table  79  continued. 

— ^W^EiGHT,  Volume, 

ETC.,  or  Steam. 

Total 

Prjissurb. 

Weight. 

Volume. 

Units  or 
Heat. 

Units  or 
Hbat  Latbmt. 

InllM.  per 

In  Inches  of 

In  lb.  per 
Cubic  Font. 

Cubic  Feet 

Total  per  lb. 

Latent  Heat 

Squaraloch. 

Mercury. 

per  lb. 

from  3a  Fahr. 

per  lb. 

50 

101*86 

-1228 

8-2 

1 168 

917 

51 

103-90 

1251 

8-0 

n68-5 

916 

5» 

105-93 

1274 

7-9 

ii68-8 

915 

53 

io7'97 

1297 

77 

1 169 

914 

54 

IIO'OI 

1320 

7-6 

1 169-5 

913 

55 

II2'04 

1343 

7*5 

1169*8 

912 

56 

114-08 

1366 

73 

1 170 

911-5 

57 

Il6'I2 

1389 

7-3 

1 1 70-5 

911 

58 

ii8-i6 

1412 

71 

ii70'8 

910-5 

59 

120*19 

1434 

7-0 

1171 

910 

60 

122*23 

1457 

6-9 

1171-5 

909-5 

61 

124*27 

1479 

6-8 

1171-8 

909 

63 

126*30 

1502 

6-7 

1173 

908 

«3 

128-34 

1525 

6-6 

1173-5 

907 

64 

130-38 

•1547 

6-5 

1173-8 

906-5 

H 

132-42 

1570 

6-4 

"73 

906 

66 

134-45 

•1592 

6-3 

1173-5 

905 

67 

136-49 

1613 

6-3 

1173-8 

904 

68 

138-53 

1637 

6-1 

1174 

903 

69       ' 

140-36 

'1 660 

6*o 

II74-5 

903 

70 

142*60 

1682 

5-95 

11748 

901 

71 

144-64 

•1704 

S'oo 
5-81 

1175 

900-5 

7a 

146-68 

1726 

"75"5 

900 

73 

148*72 

•1748 

573 

1175-8 

899-5 

74 

150-75 

'1 770 

5-66 

1176 

899 

75 

152-79 

•1792 

5  "60 

1176-5 

898 

76 

154-83 

'1814 

5-53 

1176-8 

897-5 

77 

156*86 

•'?36 

5'45 

1177 

In 

78 

158*90 

•1858 

5-40 

1177-2 

8965 

79 

160*94 

'1 880 

5-3» 

1177-6 

896 

80 

162*98 

1902 

5*36 

1177-8 

895 

81 

165*01 

•1924 

5'2I 

1178 

894 

83 

167*05 

1946 

5-15 

1178-3 

893 

83 

169*09 

•1967 

5*io 

1 1 78-6 

892-5 

84 

171*12 

•1989 

503 

1178-8 

892 

!f 

173*16 

'20II 

4-98 

1179-2 

891 

86 

175*20 

•2032 

^'U 

1179-6 

890-5 

87 

177*24 

2054 

4-88 

1179-8 

889 

83 

179-27 

2075 

4-82 

1180 

888-6 

89 

181-31 

2097 

478 

1180-3 

888-3 

90 

183-35 

'2II9 

473 

1180-5 

888 

91 

185-38 

'2140 

4-68 

1180-7 

887-5 
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Table  79  continued, — ^Weight,  Volume,  etc.,  of  Steam. 


Total  Press  i-rb. 

Weight. 

Volume. 

Units  ok 
Heat. 

Units  of 
Heat  Latent. 

In  lb*,  per 

In  Inches  of 

In  lb.  per 
Cubic  Fool 

Cubic  Feet 

Total  per  lb. 
from  3a*  Fahr. 

Latent  Heat 

Square  Inch. 

Mercury. 

per  lb. 

per  lb. 

92 

187*42 

•2161 

4-63 

II 80-9 

887 

93 

189-46 

•2182 

4*59 

I181 

886-6 

94 

191-50 

•2203 

4*54 

II81-2 

886 

^ 

I93'53 

-2225 

4*50 

1181*5 

8857 

96 

195-57 

2246 

4-46 

1181-7 

^^5-3 

97 

197-61 

-2268 

4*42 

II81-9 

885 

98 

199-65 

-2288 

4*38 

I182 

884-6 

99 

2or68 

•2309 

4'34 

II82-2 

884 

100 

203-72 

■2330 

4*30 

II82-5 

883*7 

lOI 

205-76 

•2351 

4-26 

ii82'8 

^^3 

I02 

207-79 

•2372 

4-22 

1183 

882*4 

103 

209-83 

•2393 

4-18 

1183-3 

882 

104 

211-87 

•2414 

4*15 

1183-6 

881 

105 

213-91 

2434 

411 

1183-8 

880 

106 

215-94 

•2455 

4-08 

1 184 

879-6 

107 

217-98 

•2475 

4-04 

1184*2 

879-5 

108 

220'02 

■2497 

4'oi 

1 184-5 

879 

109 

222-05 

•2517 

3-98 

1184*8 

878-5 

110 

224-10 

-2538 

395 

1185 

878 

III 

226-13 

•2559 

3'9i 

1185-2 

877-5 

112 

228-14 

•2571 

3*88 

1185*5 

877 

"3 

230-20 

-2600 

3-85 

1185-7 

876-6 

114 

23224 

-2621 

3*82 

1185-9 

876 

"5 

234*28 

•2640 

379 

1186 

8757 

120 

244-40 

•2743 

3*65 

1186*7 

874 

125 

254-60 

•2843 

352 

1187 

871 

130 

264-80 

•2942 

3*40 

1188 

li^ 

135 

275-00 

•3041 

3'29 

1 189 

867 

140 

285-20 

•3139 

3*19 

1 190 

865 

145 

295-40 

•3236 

3-10 

1191 

f.^ 

150 

305-60 

•3332 

3-00 

1192 

861 

155 

31573 

•3450 

2-91 

1192*4 

860 

160 

325-92 

•3548 

2-83 

"93 

858 

165 

336-10 

•3674 

275 

1194 

857 

170 

346-29 

.3770 

2-67 

1194*7 

855 

175 

356-48 

•3876 

2-6o       i 

1 195 

853 

180 

366-84 

•3882 

252 

1 196 

852 

185 

376-85 

'4092 

2*46 

1196*5 

850 

190 

387-03 

•4178 

2'42 

1197 

849 

195 

397*22 

•4285 

2-36 

1197-6 

847 

200 

407-40 

•4385 

2-30 

1 198 

846 

210 

427-77 

•4590 

2*20 

1200 

842 

250 
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Table  79  continued. — ^Weight,  Volume, 

ETC.,  OF  Steam. 

Total  Pressure. 

Weight, 

Volume. 

Units  of 
Heat. 

Units  of 
Heat  Latent. 

In  IbiL  per 
Square  Inch. 

In  Inches  of 
Mercury. 

In  lb.  per 
Cubic  Foot. 

Cubic  Feet 
per  lb. 

Total  per  lb. 
from  39'  Fahr. 

Latent  Heat 
per  lb. 

220 
230 
240 
250 
275 
300 

350 

400 

448-14 
408-51 
488-88 
50925 
560-18 

6ii-io 

71^*95 

814-80 

•4800 
•5010 
•5200 
•5420 
•5926 

•6439 

•7452 
•8457 

2-IO 
2-00 
X-Q2 

r86 
1-68 
1-56 

i'35 
1-20 

I20I 
1202 
1203 
1204 
1206 
I2IO 
I213 
I218 

840 

837 

834 
832 

825 

820 

811 

801 

Boil«r-PreMnire  as  shown  by  the  Stdam-gauge  is  the  pre  ssure  of 
steam  above  the  atmosphere. 

The  Absolnte  Fressnra  of  Steam  is  the  total  pressure  of  steam  in 
lbs.  p3r  square  inch,  reckoned  from  vacuum,  or  including  atmospheric 
pressure,  or  the  pressure  shown  by  the  steam-gauge  plus  the  pressure  of 
the  atmosphere. 

Initial  Fressnre  is  the  pressure  of  steam  when  admitted  to  the 
cylinder  at  the  beginning  of  the  stroke. 

Terminal  PrMsnre  is  the  pressure  of  steam  when  discharged  from  the 
cylinder. 

The  Flow  of  Steam  throngh  an  Orifioe  with  a  square  edge  is 
1 5  per  cent,  less  than  through  an  orifice  with  a  rounded  edge. 

The  Flow  of  Steam  is  neither  increased  nor  diminished  by  reducing 
the  outside  pressure  below  about  58  per  cent,  of  the  absolute  pressure  in 
the  boiler,  for  example  the  same  weight  of  steam  would  flow  from  a  boiler 
under  100  lbs.  pressure  into  steam  of  58  lbs.  absolute  pressure  as  into  the 
atmosphere. 

The  Weight  of  Steam  that  will  Flow  in  70  seconds  into  a  space 
in  which  the  pressure  does  not  exceed  58  per  cent,  of  the  gross  pressure  of 
the  steam,  is  equal  to  the  gross  pressure  of  the  steam  upon  an  area  equal  to 
the  area  of  the  orifice.  Hence  the  loss  of  steam  and  fuel  due  to  a  crack  in 
a  cylinder,  may  easily  be  calculated. 

Example:  Steam  escapes  through  a  crack,  of  1*25  square  inches  area, 
in  the  metal  between  the  exhaust  port  of  the  low  pressure  cylinder  of  a 
compound  engine  and  the  steam-jacket,  which  contains  steam  of  60  lbs. 
pressure  by  the  gauge.  If  i  lb.  of  coal  produces  8  lbs.  of  steam,  what  is 
the  loss  of  steam  and  coal  in  24  hours  due  to  the  crack } 

Then  60  -h  15  =  75  lbs.  per  square  inch  absolute  pressure  of  the  steam, 

,  75  X  1*25  X  60  minutes  x  60  seconds         o  o    iu        r     . 

and  '-^ ^ =  4821-428   lbs.  of    steam 

70  seconds 

lost  per  hour;  and  4821*428  x  24  hours  =  115714*272  lbs.  of  steam,  or 
115714-272  -7-  2240  =  51*658  tons  of  steam  lost  in  24  hours,  and  51*658  -=- 
8  =  6'457  tons  of  coal  lost  in  24  hours. 


Then  - — j--^ — — 2_=  45.57  lbs.  pressure  per  square  inch. 
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Th«  FrMEUT*  of  Staua  when  an  engine  is  working  at  less  ihan  ils 
normal  speed  may  be  found  by  the  following  Rule : — 

normal  pressure  x  (reduced  revolutions)  ^ 
(normal  revolutions)* 

ExampU:  An  engine  makes  di  revolutions,  its  normal  speed  when  the 
pressure  of  steam  is  70  lbs.  per  square  inch,  the  speed  becomes  reduced  to 
50  revolutions,  what  Is  the  pressure  of  the  steam  ? 
^  70  X  go  X  50  . 
62  X  62 

8ttperli«atod  St«uu  is  steam  which  has  been  isolated  from  water,  and 
further  heated  to  form  gaseous  steam 
or  sieam-gas.    Superheated   steam  is  ^^^"^i^^S-T 
usually  produced  by  means  of  a  super-  ;  -  -— »*^^^"*-*  •— 
heater,  composed  of  tubes  placed  be-  f 
tween  the  boiler  and  the  chimney,  and  | 
heated  by  the  waste  products  of  com- 
busdon  which  pass  between  and  sur- 
round the  tubes  on  their  way  to  the 
chimney     The  steam  passes  through 
the  superheater   before    entering   the  ; 
cylinder. 

Fig.  167A  shows  the  plan  of  a  super- 
heater attached  to  the  steam-pipes  of  ■ 
four  marine  boilers :    A  is  the  super- 
heater, over  which  stands  the  funnel ; 
B  the  uptakes  leading  the  smoke  from  ^Z 
the  smoke-boxes  to  the  chimney;  the  Fig.  i£7A.-supi!iheuer. 

stop-valves  are  shovm  at  C. 

ThB  limit  of  T*upontnre  of  SaperhM'tsd  8t«ua  is  about 
380°  Fahr. ;  at  higher  temperatures  the  packing  of  the  glands  becomes 
charred,  the  lubricants  are  destroyed,  and  the  faces  of  the  valves  and 
cylinder  become  injured. 

Buperluatsd  StMuu  expanda  nearly  at  the  same  rate  as  a  perfect  gas, 
according  to  the  experiments  of  Fairbairn  and  Tate,  who  give  the  following 
formula  for  the  ejtpansion  of  superheated  steam: — 

Where  V  =  the  volume  of  sieam  at  the  temperature  /. 

V  =  the  volume  of  steam  at  the  temperature  /*. 

V  _  438  +  /• 

V  438  +  /I 

This  formula  is  a  modification  of  that  given  below  by  the  same  authorities. 

The  rate  of  expansion  of  a  perfect  gas,  R,  or  the  fraction  expressing  the 
mcrement  of  volume  for  one  degree  of  temperature  Fahr.,  may  be  found 
by  the  following  formula,  where  t  is  the  temperature  of  the  gas  :— 

R  =  — ! — ■,  thus  at  ii»°  Fahr,,  the  rate  of  expansion  of  a  perfect  gas 
459 +  ' 

^,  and  at  310°  Fahr.,  it  is 


459  +  212°       671'  ^  ■'        459  +  320       779' 
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Snperlieatmg  prevents  partial  condensation  in  the  cylinder,  and  conduces 
to  economy  in  the  consumption  of  fuel.  Mr.  Fairbaim*  gives  the  following 
table  of  the  expansion  of  superheated  steam  : — 

Table  8b. — ^Expansion  of  Superheated  Steam  from  the  Experiments 

OF  Fairbairn  and  Tate. 


Maximum 

Temperature  of 

Satiuration. 


Degrees  Fahr. 
13677 

15533 
15936 

i59'36 

171-48 
171-48 
174-92 

174-92 
182-30 

182-30 
188-30 
24290 
255-50 
255-50 
267-21 
267-21 
269*20 
269-20 
279-42 
279-42 
29253 

292-53 


Temperatures  between  which  the 
Expansion  is  taken. 


140 
160 
159-36 

170-20 

171-48 

180-00 

174-92 

180-00 

182-30 

186 

191 

243 

257 

257 
268 

271 

271 

273 
283 

285 
297 
299 


and 


If 

>> 
ft 
i> 
if 

it 
ft 
It 

9t 
tt 
9t 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 


170 

190 

170-2 

209-9 

180 

200 

186 

200 

186 

209-5 

211 

249 

259 
264 

271 

279 

273 

279 
285 

289 

299 
302 


Co-efficient  of 

Expansion  of 

Steam. 


ToT 
1 

66S 

1 

1 
To5 

To¥ 

190 

TaT 

1 
T5ir 

1 

TTT 
I 

TO" 

1 

TUS 

1 

640 


60  1 
1 

TST 

TTS 
1 

2  8  1 

1 
T5T 


Co-efficient  of 
Expansion  of  Air. 


009 

1 

019 

1 

^.  1 

629 

1 
030 
_  1  .. 
039 

1 
034 

1 
039 
.    1 
^TT 

1 
040 

1 

TBU 

1 
TO* 

1 
TTg- 

1 

TS15 
TsTJf 

_  1 

TVs 
1 

T*4 

Too 
ToT 


Dr.  Siemens  found  that  steam  of  212°  Fahr.,  superheated  but  maintained 
at  atmospheric  pressure,  augmented  rapidly  in  volume  until  the  temperature 
rose  to  220°,  and  less  rapidly  up  to  230°,  or  18  degrees  above  saturation- 
point,  from  thence  it  behaved  like  a  permanent  gas.  Ordinary  saturated 
steam  may  be  made  gaseous  by  superheating  it  to  from  10  to  25  degrees. 

A  Separator  is  an  apparatus  for  depriving  the  steam  of  any  water  it 
may  have  carried  with  it  from  the  boiler.  In  its  simplest  form,  it  consists 
of  a  cast-iron  cylinder,  as  shown  in  Fig.  168,  having  a  diaphragm,  or  partition- 
plate,  extending  from  the  top  to  a  little  more  than  half  the  depth  of  the  casting. 
It  is  connected  to  the  steam-pipe  between  the  boiler  and  the  engine ;  the 
steam  enters  at  the  top  on  one  side  and  strikes  against  the  partition-plate, 
which  disengages  the  particles  of  water  carried  from  the  boiler  with  the 
steam  which  fall  to  the  bottom  of  the  separator.    The  steam  passes  under 


See  '*  Mills  and  Mill  work,''  published  by  Longmans  &  Co.  9  London. 
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the  partition-plate,  and  leaves  the  vessel  at  tho  opposite  side  to  which  it 
entered :  a  cock  is  fitted  to  the  bottom  of  the  separator  for  the  purpose  of 
dramng  oS  the  water,  and  a  water-gauge  is  fitted  to  show  the  depth  of 


6X3 


(r 


Fig.  16B.  — Separator. 


Re.  ,6!|.-Sep.ralor. 


water.    Care  must  be  taken  to  prevent  the  water  rising  too  high  and  closmg 

the  passage  for  the  steam. 
A  Sapamtor  of  another  form  is  shown  in  Fig.  169.     It  has  a  grating  at 

the  bottom,  through  which  the  water  is  drained  into  a  Hanson's  steam-trap, 

by  which  the  water  is  carried  off  automatically. 
A  Separator  of  improved  construction  and  very  efficient  in  its  action, 
is  shown  in  Fig.  170.    The  steam  traverses  a  spiral 
passage,  which  effects  the   disengagement  of    the 
particles  of  water  carried  with  the  steam.     The  water 
falls  to  the  bottom  of  the  vessel,  whence  it  is  drained 
off  by  a  cock  ;    or   automati- 
cally by  connecting  the  drain- 
pipe  to  a    steam-trap.      The 
depth  of  water  is  shown  by  a 
water-gauge. 

A  Staam-Bziar,  shown  in 
Fig.  171,  is  an  apparatus  for 
evaporating  the  particles  of 
water  which  the  steam  may 
have  carried  with  it  from  the 
boiler.  It  dries  and  slightly 
superheats  the  steam,  and  pre- 
vents partial   condensation  in  

the     cylinder.       It     is     fixed        fij.  iji—smm'^ria. 
between    the   boiler  and    the 

chimney,  and  is  heated  by  the  gaseous  products  of 
combustion,  part  of  which  pass  through  the  centre 
tube  of  the  drier.  The  steam  passes  through  the 
drier  on  its  way  to  the  cylinder. 

Condwuatioii  of  Steam. — ^The  weight  of  water 
to  be  mixed  with  steam  to  produce  water  of  a  certain 
temperature  may  be  found  as  follows : — 
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Let  S  =  lbs.  of  steam  of  a  given  pressure. 

H  =  the  number  of  units  of  heat  in  the  steam  from  32°  Fahr. 
W  =  the  weight  in  lbs.  of  water  per  lb.  of  steam  used  to  condense 
with. 
/  =  the  temperature  of  the  water  per  lb.  of  steam  used  to  condense 

with. 
T  =  the  temperature  of  the  water  produced. 

The  steam  loses  S  (H— T)  units  of  heat,  and  the  water  gains  W  (T— /) 
units  of  heat. 

Then  W  =  ^^. 

Example :  What  weight  of  water  at  50°  Fahr.  must  be  mixed  with  10  lbs. 
of  steam  of  atmospheric  pressure  to  produce  water  at  100°  Fahr.  The 
number  of  units  of  neat  in  steam  of  atmospheric  pressure  =:  1178*6. 

Then   ii^ — ZJL2^  —  21 '57  lbs.  of  water  for  each  lb.  of  steam,  and 
100—50  ^' 

21.57   X    10  lbs.  of  steam  =  2157  lbs.  total  weight  of  water  required  to 
be  mixed  with  that  weight  of  steam  to  produce  water  at  100°  Fahr. 

Tka  Temperature  of  the  Condeneed  Water  may  be  found  as 
follows : — ^The  notation  being  the  same  as  in  the  previous  formula.      Then 

rp  _ii78-6  +  (W  x/) 
W  -h  I 

Example:  Required  the  temperature  of  the  water  produced  from  the 
mixture  of  water  and  steam  given  in  last  example. 

Then  "78'6  4- (21-57  x  50^)^  ^^o  p^j^^    ^^e  temperature  of  the  water 

21*57  +  I  ^ 

produced  by  that  mixture  of  water  and  steam. 

Condeneation  of  Steam. — The  following  jRuIe  is  sometimes  used  for 
finding  the  quantity  of  water  required  to  condense  steam. 

Let  T  =  the  temperature  of  the  steam. 

/  =  the  temperature  of  the  water  to  be  produced. 
fl  =  the  temperature  of  the  water  used  to  condense  with. 
S  =  lbs.  of  steam  of  a  given  pressure. 

W  =  the  weight  of  water  in  lbs.  per  lb.  of  steam  used  to  condense 
with. 

ThenW  =  ^^-^(7-^). 

Example :  Taking  the  particulars  from  the  former  example,  the  tempera- 
ture of  the  steam  =  212°  Fahr.  Then  this  jRule  will  give  'OQQ -K^'^^-'QQ) 

100—50 

3s  22*22  lbs.  of  water  for  each  lb.  of  steam,  and  22*22  x  10  lbs.  of  steam, 
222*2  lbs.  of  water  required  to  be  mixed  with  the  given  weight  of  steam. 
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The  Temperature  of  the  Water  produced  may  be  found  by  the 
converse  of  the  previous  Rule. 

Thus  /  =  iQOo  +  W  X  /  +  T     j^y^g  ^^  particulars  from  the  former 

W  +  I 

example,  this  Rule  will  give  ^ooo-K^^'g^  x  5o)-f-2i2^  _  ^^  ^^^^     ^^^ 

22-22   +    I 

temperature  of  the  water  produced  by  the  mixture  of  water  and  steam. 

Condensation  of  Steam. — ^The  following  Rule  is  sometimes  used, 
although  it  is  not  strictly  accurate,  for  finding  the  weight  of  water  required 
to  condense  steam.  One  lb.  of  steam  when  it  is  condensed,  is  considered 
to  be  capable  of  raising  1000  lbs.  of  water  1°  Fahr.  Let  T  =  the  tempera- 
ture of  the  water  to  be  produced,  /  =  the  temperature  of  the  water  used  to 
condense  with,  W  =  the  weight  in  lbs.  of  water  per  lb.  of  steam  required  to 
condense  the  steam. 

1000 
Then  W  =  — — .   Taking  the  particulars  from  the  previous  example,  this 

1000 

i?«/f  will  give =  20  lbs.  of  water  required  per  lb.  of  steam,  and 

100—50  ^ 

20  X  10  lbs.  of  steam  =  200  lbs.  of  water  to  be  mixed  with  the  given 
weight  of  steam. 

Th»  Temperature  of  the  Water  produced  may  be  found  by  the 
converse  of  the  previous  Rule, 

Thus  T  =  ^^^^  "^./;^  ^  ^.    Taking  the  particulars  from  the  previous 

W 

example,  this  Rule  will  give  ^QQQ  +  (^Q  x  5o)  -  ^^o  p^j^^^  ^Yiq  tempera- 

20 

ture  of  the  water  produced  by  the  mixture  of  water  and  steam. 

Condensation  of  Steam. — ^The  following  formula  is  sometimes  used 
for  finding  the  weight  of  water  required  to  condense  steam :  the  notation 
being  the  same  as  in  the  previous  formula. 

W  =  —  T^— 7 — •    Taking  the  particulars  from  the  previous  example, 

this  Rule  will  give  ^^5  ^100  «.  ^i  lbs.  of  water  required  per  lb.  of  steam, 

^        100—50  ^ 

and  21  X  10  lbs.  of  steam  =  210  lbs.  of  water  to  be  mixed  with  the  given 
weight  of  steam. 

Thb  Temperature  of  the  Water  produced  may  be  found  by  the 
converse  of  the  previous  Rule, 

Thus  T  =  1150 +j(Wj<_0^  Taking  the  particulars  from  the  previous 
example,  this  Rule  will  give  T  =  "$o  +  (21  x  50)  _  ^^o  p^^r.,  the 
temperature  of  the  water  produced  by  the  mixture  of  water  and  steam. 
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Sfleitnoy  of  Steam  in  an  fingine. — It  is  not  possible  to  convert  all 
the  heat-energy  initially  in  the  steam  into  mechanical  energy  even  in  the 
cylinder  of  a  perfect  engine,  if  such  could  be  made.  In  a  perfect  heat- 
engine,  the  heat  would  be  supplied  at  the  highest  temperature  and  dis- 
charged at  the  lowest.  The  zero  of  Fahrenheit's  thermometer  is  461  degrees 
above  the  point  of  absolute  cold  or  zero,  at  which  point  both  the  volume 
and  pressure  of  a  gas  shrink  to  nothing.  If  the  highest  temperature,  or 
that  of  the  initial  absolute  pressure  of  the  steam  be  denoted  by  T^,  and 
the  lowest  temperature,  or  that  of  thQ  steam  as  it  enters  the  condenser  or 
atmosphere,  by  T,,  the  efficiency,  E,  of  a  perfect  beat-engine  would  be 
expressed  by  the  following  formula : 

T  — T 
E  =7p^      /-.      This  represents  the  greatest  theoretical  efficiency  which 

can  possibly  be  obtained  in  any  heat-engine,  and  it  is  the  standard  by 
which  the  actual  efficiency  of  an  engine  should  be  compared.  As  an 
Example  of  the  above  formula : — Required  the  efficiency  of  a  perfect  con- 
densing steam-engine,  using  steam  of  90  lbs.  per  square  inch  initial 
pressure,  or  105  lbs.  per  square  inch  absolute  pressure,  the  final  pressure 
or  pressure  of  the  steam  when  it  is  discharged  from  the  cylinder  into  the 
condenser  being  2  lbs.  per  square  inch,  or  13  lbs.  below  atmospheric 
pressure. 

Then  the  temperature  of  steam  of  105  lbs.  per  square  inch  absolute 
pressure  is  from  Table  78  =  332°  Fahr. :  the  temperature  of  steam 
of    2    lbs.    per   square    inch    absolute  pressure    is  =  127°  Fahr.,   and 

^'»2°  —  I  27 

^^ — — — ^-"='2585,  or  say  26  per  cent.,  the  percentage  of  the  total  heat  in 

the  steam  which  could  be  converted  into  work.    It  will  be  seen  from 

Table  79,  that  each  lb.  of  steam  of  105  lbs.  absolute  pressure  per  square 

inch  contains  1183*8  units  of  heat,   and  as  26  per  cent,  of  the  heat 

would   be  utilised  in  a  perfect  engine,   1183*8  x '26=307788  units  of 

heat  would  be  converted  into  work  for  each  lb.  of  steam  used.    As  one 

unit  of  heat  is  equal  to  'j'ji  foot  lbs.  of  mechanical  energy,  772  x  307*788 

units= 2376 1 2*336  foot  lbs.  would  be  obtained  per  lb.  of  steam  used,  equal 

237612-336  __ 

tQ  ^ ^^L^  =  7'2  Horse-power. 
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The  Efflcienoy  of  an  engine  relatively  to  that  of  a  perfect  heat-engine, 
working  between  the  same  limits  of  temperature,  may  be  found  by  this 
Rule  : 

p,«,  .  -       .      __      Actual  efficiency  of  the  engine. 

^  6       —  Efficiency  of  a  perfect  heat-engine. 

^  Final  Temperature  of  Steam  in  a  Cylinder  or  Condei^ser. — In  a 
non-condensing  engine,  the  exhaust  port  being  open  to  the  atmosphere, 
there  is  a  back-pressure  =15  lbs.  per  square  inch  atmospheric  pressure, 
plus  5  lbs.  per  square  inch,  the  power  necessary  to  drive  the  engine  against 
its  own  friction,  and  to  expel  the  exhaust  steam  from  the  cylinder ;  so  that 
the  lowest  terminal  absolute  pressure  is  20  lbs.  per  square  inch,  and  the 
lowest  temperature  228°  Fahr.  In  a  condensing  engine  there  is  always 
vapour  in  the  condenser  of  at  least  3  lbs.  pressure  per  square  inch,  which, 
added  to  the  power  necessaiy  to  drive  the  engine  against  its  own  friction 
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and  to  the  resistance  to  the  escape  of  the  steam  from  the  condenser  due  to 
the  friction  of  the  exhaust  passages,  equal  to  5  lbs.  per  square  inch,  gives 
8  lbs.  per  square  inch,  the  lowest  terminal  absolute  pressure  and  the  lowest 
temperature  is  183°  Fahr.  Therefore,  if  a  non-condensing  engine  and  a 
condensing  engine  were  each  worked  with  steam  of  89  lbs.  per  square  inch 
initial  absolute  pressure,  the  temperature  of  which  is  320°  Fahr.,  the  non- 
condensing  engine  would  work  between  the  limits  of  temperature  of  320? 
and  228°  Fahr.,  and  the  condensing  engine  between  the  limits  of  temperature 
of  320^  and  183°  Fahr.  The  theoretical  efficiency  of  the  steam  in  the  con- 
densing engine  would  be  3 — Z — |  =  1-48  times  greater  than  that  in  the 

320 —  220 

non-condensing  engine. 

A  Vacmun  is  an  empty  space,  or  a  space  void  of  all  pressure.  A 
vacuum  in  the  condenser  of  a  steam-engine  means  absence  of  pressure. 
The  vacuum  is  never  perfect  in  the  condenser,  owing  to  the  presence  of  a 
small  quantity  of  air  and  vapour,  and  it  is  influenced  by  the  temperature 
in  the  condenser.  The  pressure  of  vapour  at  32°  Fahr.  is  -089  lb.,  there- 
fore the  vacuum  is  nearly  perfect  at  that  temperature,  the  usual  temperature 
of  the  water  in  the  condenser  is  100°  Fahr.,  at  which  the  pressure  of  vapour 
is  '942  lb.,  or  in  round  numbers  i  lb.  Hence  the  degree  of  vacuum  rapidly 
diminishes  as  the  temperature  of  the  water  in  the  condenser  is  increased, 
and  the  temperature  of  the  condenser  will  always  show  the  state  of  the 
vacuum. 

The  Loss  of  Vacmun  due  to  an  Znoroase  of  Temperature  in  the 
Kot-well  may  be  calculated  by  the  following  RuUj  where  T  =  the  greater 
temperature  and  /  =  the  less  temperature. 

Decrease  of  vacuum  =  (T-/)  x  (T-50°)  x  (/-sQ. 

lOOOOO 

Example:  The  normal  temperature  of  the  water  in  the  hot-well  is 
103°  Fahr..  and  the  vacuum  in  the  condenser  is  12  lbs.,  but  owing  to  an 
accident  the  temperature  of  the  water  in  the  hot-well  increased  to  128°  Fahr. 
What  will  the  decrease  of  vacuum  be  and  what  will  the  vacuum  be  now  ? 

^,       (128—103)  X  (128  —  50)  X  (103—50) 

Then  ^^ -■  —  \^^^^  ^ ^-^ — ^—=  1-033  lb.  decrease  of 

vacuum,  and  the  vacuum  will  now  be  =  12  —  1*033  =  io'967  lbs. 

A  Vacuam  is  produoed  by  condensation  of  steam  in  the  jet-condenser 
of  a  condensing  engine,  into  which  the  steam  passes  from  the  engine- 
cylinder,  where  it  comes  in  contact  with  a  jet  of  cold  water.  The  steam  is 
condensed  by  the  cold  water,  and  falls  in  the  form  of  hot  water  to  the 
bottom  of  the  condenser,  and  a  vacuum  is  formed  above  the  water.  The 
water  and  any  air  it  contains,  or  which  may  have  entered  with  it,  is  pumped 
out  of  the  condenser  by  the  air-pump,  leaving  only  a  slight  vapour  in  the 
condenser,  say,  of  3  lbs.  pressure,  which,  deducted  from  the  atmospheric 
pressure,  leaves  12  lbs.  as  the  pressure  removed  by  the  condenser,  which 
opposed  the  advance  of  the  piston,  the  resistance  thus  removed  being 
equivalent  to  an  equal  amount  of  steam-pressure  on  the  piston. 

The  Power  obtained  by  nsing  a  Condenser  may  easily  be  calculated. 
For  instance,  if  a  non-condensing  engine  with  cylinder  18  inches  diameter, 
length  of  stroke  3  feet,  number  of  revolutions  per  minute  50,  were  con- 

s 
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verted  into  a  condensing-engine,  the  power  gained  by  using  a  condenser 
would  be  as  follows:— Say  the  pressure  in  the  condenser  is  3  lbs., 
then  15  lbs.  atmospheric  pressure  —  3  =  12  lbs.  vacuum,  equivalent  to 
1 2  lbs.  per  square  inch  steam  pressure,  and 

18  X  18  inches  x  7854  x  12  lbs,  x  (3  feet  x  2  x  50)  _         .  Yiox^- 
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power  gained  by  converting  the  non-condensing  engine  to  a  condensing 
engine. 

The  Temperature  of  the  Water  in  the  Condeneer  is  usually  about 
100°  Fahr.,  at  this  temperature  the  steam  is  sufficiently  condensed,  and  a 
minimum  quantity  of  condensing  water  is  lifted  by  the  air-pump.  If  the 
'  water  enters  the  condenser  at  a  temperature  of  50^  Fahr.  and  leaves  it  at 
100®  Fahr.,  out  of  every  unit  of  water  100"— 50°=  50^  of  cold  are  available 
for  condensing  the  steam. 

The  Qnantity  of  Water  required  for  Condeneatioii  in  Condensing- 
Enginee,  taking  the  above  temperatures,  may  be  found  as  follows: — 
Taking  the  total  amount  of  heat  in  a  given  unit  of  steam  at  1 1 78^  units 
Fahr.  The  heat  imparted  to  each  unit  of  water  is  ioo°— 50^=50  units. 
Of  the  1 1 78  units  of  heat  in  each  unit  of  steam,  it  must  give  up  11 78— 100 
=  1078  units,  and  the  units  of  water  required  will  be  1078 -7-50=  2 1*56. 
A  cubic  foot  of  steam  is  produced  by  a  cubic  inch  of  water,  therefore,  each 
cubic  foot  of  steam  will  require  21*56  cubic  inches  of  water  to  condense  it. 
And  each  cubic  inch  of  water  evaporated  to  steam  will  require  21 '56,  or, 
say,  22  cubic  inches  of  water  at  50^  Fahr.  for  condensation,  and  will  form 
altogether  23  cubic  inches  of  water  in  the  hot-well  at  100°  Fahr.;  in  practice 
rather  more  than  this  quantity  is  required,  and  it  is  usual  to  allow  from  i^j 
to  30  cubic  inches  of  injection-water  for  every  cubic  inch  of  water  evaporated 
to  steam  in  the  boiler. 

The  Weight  of  Injection- Water  in  lbs.  required  to  Condense 
1  lb.  of  Steam  may  be  found  by  this  Rule : — 

Condensing  water  in  lbs.  = 

1 1 50  —  temperamre  of  hot-well 

temperature  of  hot- well— temperature  of  injection- water' 

Example:  If  the  temperature  of  the  injection-water  be  52°  Fahr.  and 
that  of  the  hot-well  \ocP  Fahr.,  how  many  lbs.  of  injection-water  will  be 
required  to  condense  i  lb.  of  steam  ? 


^O         w  ^^o 


Then,  H^o — 1?2_-  21-87  lbs.  of  injection-water. 
100^—52°  ^ 

The  Qnantity  of  Injection- Water  in  tone  is  frequently  calculated 
by  the  following  rule,  where  I.  H.-P.  =  Indicated  horse-power — 
Tons  per  day  = 

L  H.-P.  X  lbs,  of  steam  per  I.  H.-P.  x  locx)  x  10  hours. 
2240  X  (temperature  of  hot-well  —  temperature  of  injection-water)' 

Example :  The  indicated  horse-power  of  an  engine  is  800,  it  uses  20  lbs. 
of  steam  per  I.  H.-P.  per  hour.  If  i  lb.  of  steam  on  being  condensed 
gives  out  sufficient  heat  to  raise  icxx)  lbs.  of  water  1°  Fahr.,  and  if  the 
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temperature  of  the  injection-water  be  52°  Fahr.  and  that  of  the  discharge- 
water  104°,  how  many  tons  of  injection-water  are  used  in  a  day  of  10  hours? 

Tu^^  800  H.-P.  X  20  lbs.  steam  x  1000  x  10         ^    ^ 
Then, -. =  1374  tons. 

2240  x  (104  —  52)  ^' 

The  Temperature  of  the  Set-Well  may  be  calculated  from  the 
weight  of  injection-water  used  by  the  following  Rule : — 

1 1 50  -h  (lbs,  of  injection-water  x  its  temperature) 
lbs.  of  injection-water  -f-  i. 

Example:  If  the  temperature  of  the  injection-water  be  68°  Fahr.,  what 
will  the  temperature  of  the  hot-well  be  if  24  lbs.  of  water  be  required  to 
condense  i  lb.  of  steam  ? 

Then,  "^^  "^  ^^^  1^^-  ^  ^^""^  =  irg^  Fahr.,  the   temperature  of  the 

24+1 
hot-well. 

The  Znorease  in  Svaporation  doe  to  an  Increase  in  Tempera- 
ture of  the  Kot-Well  may  be  found  by  the  following  Rule : — ^T  =  the 
greater  tempers^ture,  and  /  the  less  temperature  of  the  hot-well,  and  E  the 
rate  of  evaporation. 

Increase  of  evaporation  =  Ojoo+JT-/))  x  E^ 

1 100 

Example :  The  evaporation  was  8|  lbs.  of  water  per  lb.  of  coal,  the 
temperature  of  the  hot-well  being  104°  Fahr.  If  the  temperature  of  the 
hot- well  increased  to  138*'  Fahr.,  what  would  the  evaporation  be.? 

Then,  (ii°o  +  (i?8-i04)x8-5lbs.  ^  8-76  lbs.,  but  the  gain  in  e^•a. 

I  100 

poration  is  counterbalanced  by  the  loss  of  vacuum. 

Jet-Condenserfli. — One  method  of  effecting  condensation  to  produce  a 
vacuum  in  a  condensing-engine  is  to  discharge  the  exhaust  steam  from  the 
cylinder  into  an  air-tight  vessel,  or  condenser,  where  it  comes  in  contact 
with  a  jet  of  cold  water,  which  absorbs  the  calorific  properties  of  the 
steam. 

A  Vertical  Jet-Condenser  for  a  beam-engine  is  shown  in  Fig.  172. 
The  exhaust-steam  passes  from  the  engine-cylinder  through  the  pipe  a, 
to  the  condenser  b  ;  c  is  a  valve  for  the  admission  of  cold  water  into 
the  condenser,  where  it  is  discharged  through  a  rose  at  the  end  of  the 
injection  pipe ;  d  d  are  the  foot-valves ;  e  is  the  passage  from  the  con- 
denser to  the  air-pump  f;  g  is  the  air-pump-bucket  provided  with 
valves ;  h  is  the  hot-well  into  which  the  air-pump  delivers  its  water  and  air, 
through  the  delivery-valves  at  the  top  of  the  air-pump ;  i  is  the  suction- 
pipe  of  the  boiler  feed-pumip,  which  takes  its  water  from  the  hot-well ;  j  is 
the  cold-water  pump  which  delivers  cold-water  through  the  pipe  k,  to  the 
cold-water  cistern  l,  in  which  the  condenser  and  air-pump  are  placed. 
The  air-pump  is  single-acting. 

Seriaontal  Jet-Condensers. — ^In  horizontal  engines  the  condenser, 

air-pump  and  hot-well  are  usually  contained  in  one  casting,  as  shown  in 

Fig.  183.    The  condensed  steam  from  the  jet-condenser  is  delivered  by 

s  a 
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tlic  air-pump  into  the  hot-well,  from  which  it  is  dischargetl  into  the  conden- 
sation-reservoir, in  land  engines,  or  into  the  sea,  in  marine  engines. 

In  marine  engines  using  sea-water  for  injection,  the  contents  of  the  hot- 
well  will  consist  of  a  mixture  of  from  27  to  30  parts  of  sea-water  to  i  of 
pure  water  derived  from  the  condensed  steam.  As  the  heat  in  steam  of  high 
pressure  rapidly  deposits  sulphate  of  lime,  salt-water  can  only  be  used  for 


producing  steam  of  pressures  under  40  lbs.  per  square  inch  ;  hence  fresh- 
water is  used  for  producing  steam  above  thai  pressure.  This  is  obtained  by 
using  surface  condensers  to  condense  the  exhaust-steam  ^^'ithout  its  coming 
in  contact  with  water.  The  water  derived  from  the  condensed  steam  of  salt- 
water contains  no  salt,  and  is  returned  to  marine  boilers  to  be  re-evaporated 
to  steam  and  used  over  and  over  again,  the  small  quantity  lost  by  leakage 
being  replaced  by  fresh-water,  obtained  from  distilled  salt-water. 

The  Capacity  of  tho  CSondsiuor  should  equal  from  i  to  1}  times 
that  of  the  air-pump. 

Tlie  Diameter  of  thoIi^eotioii-Pipe  may  be  equal  to  -Jth  the  diametei 
of  the  cylinder  for  higli-speed  engines,  and  ^ih  the  diameter  of  the  cylindei 
for  low  speeds. 

Tlte  Siie  of  Injection  Pipe  necessary  for  the  supply  of  a  given 
quantity  of  condensation -water,  making  allowance  for  friction,  may  be  found 
by  this  Rule : — Divide  the  quantity  of  water  required  in  cubic  feet  per 
minute,  by  1550,  the  quotient  will  be  the  area  of  the  pipe  in  square  feet. 

Air-Talve  for  Condeasing- Engines.— When  the  injection-cock  is 
not  closed  properly  on  stopping  a  cond  en  sing-engine,  the  vacuum  may 
cause  water  to  be  drawn  into  the  cylinder  and  pipes,  which  would  impede 
there-starting  of  the  engine.  This  may  be  prevented  by  using  the  air-valve 
shown  in  Fig.  173,  the  upper  part  of  which,  marked  a,  is  connected  to  the 
steam-chest,  and  the  lower  part  is  connected  to  the  exhaust-passages  from 
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the  c)Iindcr  to  the  condenser.  So  long  as  the  engine  is  «orking,  the  pres- 
sure of  the  steam  forces  ihe  flexible  plaie-valve  on  to  ihs  top  of  the  pipe 
c,  and  closes  its  opening.  When  the 
steam  is  shut  off  on  stopping  the  engine, 
the  pressure  is  relieved  from  the  valve 
B,  and  it  is  forced  open  by  the  spring, 
the  passage  c  being  opened  before  the 
engine  comes  to  a  stand-still.  Air  is 
then  admitted  through  the  holes  in  the 
lower  part  of  the  valve-case  to  destroy 
the  vacuum  and  prevent  entrance  of 
water. 

The  ^eotox^onduuflr,  shown  in 
Fig.    174,  is  another  form  of  jet-con- 
denser.   It  is  used  for  stationary  engines 
and  steam-pumps,  and  it  dispenses  with 
an  air-pump.     In  starting  this  condenser 
ihe  central  spindle  is  raised  by  turning  a 
hand-wheel,  and  a  jet  of  injection-water 
is  discharged  through  the  centre  of  the 
current  of   exhaust-steam  from  the  en- 
gine,  which   becomes    condensed    and 
produces    a   vacuum   within     the    con- 
denser.    The  water  enters  with  a  velocity 
due  to  the  difference  of  pressure  between 
the  external  atmosphere  and  the  degree 
of  vacuum  maintained  in  the  condenser 
plus  the  velocity  due  to  the  head  of  the 
injection -water.      The  water-jet   rushes 
through   the   combining   nozzle   of    the 
ejector  and    the    discharge  -  tube,  and    Fit '73--Air-™i- 
issues  into  the   atmosphere  in  a  con- 
tinuous stream,  carrying  with  it  any  air  that  may  be  mixed    '.th  the  exhaust- 
steam,  the  action  of  the  ejector  being  similar  to  that  of      1  injector.    The 
ejector-condenser  is  very  efficient  and  rapid  in  its  action     ic 
vacuum    being   produced    within    4    or    5    seconds  0'   .he 
lime  of  opening  the  injection-cock. 

SiiT&o»47ondeiuMn. — In  surface-condensers  the  ileam 
is  condensed  by  coming  in  contact  with  cold  metallic 
surfaces  without  coming  in  contact  or  mixing  with  the 
water  used  for  refrigeration.  In  some  cases  the  water  for 
refrigeration  circulates  through  tubes,  and  the  steam  to  be 
condensed  is  on  the  outside:  in  other  cases,  tlic  steam 
passes  through  tubes,  and  the  water  for  refrigeration  circu- 
lates on  the  outside. 

When  the  steam  passes    through   the  lubes  any  grease        pig.  174.— 
which  the  steam  may  carr>'  with  it  from  the  engine-cylinder    ^^'"^Hi^/^"'"' 
is  depcsilcti  on  the  front  tube-plate  and  inside  the  tubes, 
whence  it  can  be  removed  by  using  suitable  brushes.     When  the  steam 
is  outside  the  lubes  the  grease  is  deposited  on  the  tubes  and  casing,  and  it 
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may  be  removed  by  using  a  solution  of  soda,  or  it  may  be  detached  by 
working  the  condenser  at  a  good  heat  and  washing  it  out  with  a  jet  of  water. 

The  CironlaUon  of  the  Watar  througli  TuIms  to  condense  the 
steam  on  the  outside  is  the  most  efficient  way  of  condensing  steam  in 
surface-condensers,  because  the  largest  amount  of  cooling  surface  is  exposed 
to  the  hot  steam,  and  the  tubes  being  capable  of  resisting  a  greater  internal 
than  external  pressure,  can  be  made  as  thin  as  possible ;  no  scale  is  deposited 
on  the  outside  of  the  tubes  which  would  prevent  their  being  easily  drawn 
when  required,  and  if  india-rubber  packing  be  used  for  the  ends  of  the 
tubes  it  is  not  liable  to  be  injured  by  grease  in  the  steam.  Surface-con- 
densers are  frequently  fitted  with  an  injection  valve  and  rose,  so  that  in  case 
of  accident  they  may  be  worked  as  jet-condensers. 

TlM  Weight  of  Circulating  Water  paeeing  through  a  Surfaoe 
Condenser  may  be  found  by  this  Rule:— 

Weight  of  water  in  lbs.  passing  through  the  condenser  s 

lbs.  of  water  raised  i  degree  in  temperature 

temperature  of  discharged  water  —  temperature  of  circulating  water* 

Example :  If  i  lb.  of  steam  raise  the  temperature  of  looo  lbs.  of  water 
I  degree,  and  the  temperature  of  the  circulating  water  is  52°  Fahr.,  and 
that  of  the  discharged  water  104°  Fahr.,  how  many  lbs.  of  circulating  water 
pass  through  the  condenser  per  lb.  of  steam  ? 

Then,  1000  lbs.  -5-  (104®  —  52*^  =  19*24  lbs.  of  circulatmg  water. 

Cooling  SnrflEkoe  of  Sur&oe-Condeneers.  —  The  rapidity  of  con- 
densation by  cold  metallic-surfaces  depends  upon  the  efficiency  and 
rapidity  of  tiie  circulation  of  the  cooling  fluid.  Peclet  found  that  water 
was  about  10  times  more  efficient  as  a  cooling  fluid  than  air,  and  that  with 
refrigerating  water  at  an  initial  temperature  of  from  68®  to  jy^  Fahr.  one 
square  foot  of  copper-plate  would  condense  2i|  lbs.  of  steam  per  hour. 
Joule  found  that  with  a  rapid  circulation  of  the  cooling  water  100  lbs.  of 
steam  might  be  condensed  per  hour  per  square  foot  of  surface. 

The  cooling  surface  in  square  feet  required  per  pound  of  steam  con- 
densed per  hour,  may  be  found  by  dividing  the  weight  of  steam  condensed 
per  hour  by  11.  For  instance,  a  steam  engine  of  1400  indicated  horse- 
power using  1 7  lbs.  of  steam  per  indicated  horse-power  per  hour,  requires 
a  surface-condenser  with  (17  lbs.  -f-  11)  x  14CX)  =  2i6j  square  feet  of 
cooling  surface. 

The  Qnantity  of  Steam  Condensed  by  coming  in  contact  with  the 
cold  surface  of  flat  plates  of  metal  \  inch  thick,  kept  cool  by  flowing 
water  at  a  temperature  of  50®  Fahr.,  expressed  in  pounds  of  steam  per 
square  foot  of  surface,  has  been  found  by  experiment  to  be  as  follows  : — 


11)8. 

Cast-iron  plates  condense  4 1 

Wrought-iron  plates  condense  39 

Steel-plates  condense  38 

White-metal  plates  condense  32 

Brass  plates  condense  27 

Bell-metal  plates  condense  26 


lt». 
Gun-metal  plates  condense  26 

Phosphor-bronze  plates  condense  25 
Copper-plates  condense  24 

Tin-plates  condense  22 

Glass-plates  condense  40 

Tiles  condense  38 


The  temperature  of  the  steam  was  228^  Fahr.  corresponding  to  20  lbs. 
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pressure  per  square  inch.  Each  pound  of  steam  condensed  by  the  above 
plates  represents  11 52  thermal  units. 

In  a  test  of  the  Kirkcaldy  Surface-Condenser  128*34  lbs.  of  steam  were 
condensed  per  square  foot  of  tube-surface  per  hour,  the  temperature  of  the 
circulating  water  was  40°  Fahr.,  temperature  of  steam,  295°  Fahr.,  and  the 
temperature  of  the  water  from  the  condensed  steam  was  70°  Fahr.  The 
tubes  were  corrugated  in  the  direction  of  their  length,  they  were  measured 
as  if  plain  and  circular;  this  makes  a  difference  of  10  per  cent.,  so  that  the 
actual  quantity  of  water  condensed  per  square  foot  of  surface  was  115  lbs. 

The  weight  of  steam  condensed  in  surface-condensers  depends  upon  the 
efficiency  of  the  condenser.  It  considerably  increases  with  the  velocity  of 
the  water  circulating  through  the  tubes.  The  rate  of  condensation  in  some 
surface-condensers  is  from  10  to  12  pounds;  but  in  others  it  is  only  from 
3 1  to  5  lbs.  of  steam  per  square  foot  of  the  cooling-surface  of  the  tubes 
per  hour. 

Horizontal  surface-condensers  are  generally  from  20  to  25  per  cent, 
more  efficient  than  vertical  surface-condensers.  Surface-condensers  are 
generally  so  arranged  that  the  hottest  water  meets  the  hottest  steam. 

The  Belation  of  thm  Cooling-siirface  of  tka  Surface-oondensers 
of  Karine  Engines  to  the  Eeating-enrface  of  the  Steam  Boilers 
varies  considerably  in  practice,  as  will  be  seen  from  the  following  table. 

Table  81. — Showing  the  Cooling-Surface  of  the  Surface-Con- 
denser OF  Triple  Expansion  Engines  and  the  Heating-Surface 
of  the  Boilers  of  a  Number  of  Steamships. 


Indicated 

Hone-power  of 

the  Engines. 

Cooling'surface 

of  Surface 

Condenser. 

Heating-surface 
of  the  Steam 
Boilers 

Diameter  of  the  Cylinders  of  the 
Triple  Expansion  Engines. 

Length  of 
Stroke. 

LH.P. 

Square  feet. 

Square  feet. 

Inches. 

laches. 

Inches. 

Inches. 

130 

209 

350 

8 

+ 

13 

+ 

21 

15 

500 

1,016 

1,318 

14 

+ 

22 

+ 

36 

24 

645 

1,360 

3,160 

32 

+ 

34 

+ 

57 

39 

1,000 

1,280 

2,800 

19 

+ 

30 

+ 

49 

33 

1,100 

1,700 

3,000 

22 

+ 

35 

+ 

57 

54 

1,300 

i»977 

4,320 

23 

+ 

37 

+ 

60 

42 

1,500 

1,600 

4,125 

30 

+ 

3» 

+ 

52 

36 

1,700 

2,800 

6,160 

27 

+ 

45 

+ 

71 

48 

2,000 

2,552 

8,418 

24 

+ 

37 

+ 

55 

19 

2,500 

4,000 

6,250 

22 

+ 

H 

+ 

51 

21 

2,700 

4,300 

7,715 

29 

+ 

46 

+ 

74 

51 

4,000 

6,045 

11,380 

36 

+ 

56 

+ 

00 

60 

5,000 

8,000 

11,100 

31 

+ 

45 

+ 

68 

33 

6,000 

6,750 

9,900 

40 

+ 

59 

+ 

88 

51 

7,000 

9,500 

13,800 

42 

+ 

59 

+ 

92 

42 

7,500 

11,550 

17,650 

40 

+ 

66 

+ 

ICKD 

72 

9,000 

14,500 

20,174 

40 

+ 

59 

+ 

88 

5» 

10,000 

14,600 

25,920 

43 

+ 

62 

+ 

92 

46 

11,000 

18,500 

31,025 

43 

+ 

62 

+ 

96 

51 

16,000 

10,300 

47,000 

44 

+ 

67 

+ 

106 

63 

20,000 

33>ooo 

50,250 

45 

+ 

71 

+ 

"3 

60 

264  THE  PRACTICAL  ENGINEER'S  HAND-BOOK. 

The  Coolmg-8iir&06  p«r  Zndioated  SdrM-power  usually  provided 
in  surface-condensers  is  from  t  to  2^  square  feet  of  tube-surface ;  but  it  is 
frequently  less,  and  varies  considerably  in  practice,  as  may  be  seen  from 
Table  8a,  page  271,  which  contains  the  cooling-surface,  and  the  quantity 
of  cooling  water  provided  in  a  number  of  marine  engines. 

The  Qnauti^  of  Water  required  for  Sfioient  Cooling  in  Snrfiuse- 
Condenaem  is  one-half  more  than  that  required  for  injection  water  in  jet 
condensers :  the  quantity  of  water  required  may  be  found  as  follows : — 
The  heat  given  up  by  each  pound  of  steam  condensed  was  found  in  the 
case  of  jet  condensers  to  be  1078  units.  If  the  temperature  of  the  circu- 
lating water  be  increased  21  degrees  in  passing  through  the  condenser, 
then  1078  -5-  21  =  5i'3  lbs.  of  circulating  water  will  be  required  per  lb.  of 
steam.  It  is  usual  to  provide  from  40  to  50  lbs.  of  cooling  water  per  pound 
of  steam  supplied  to  surface-condensers. 

The  Velocity  of  the  Passage  of  the  Cooling  Water  through  the 
BiuAoe-Condeneer  may  be  found  by  the  following  formula,  where 

V  =  the  velocity  of  the  cooling  water  in  feet  per  minute. 
L  =  the  length  of  the  tubes  in  feet. 

T  =  number  of  times  the  water  circulates  through  the  tubes. 
P  =  pounds  of  cold  water  per  indicated  horse-power. 
D  =  the  internal  diameter  of  the  tubes  in  inches. 
S  =  square  feet  of  tube-surface  per  indicated  horse-power. 
V^  LTP 
"■  80  D  S' 

Example :  The  internal  diameter  of  the  tubes  of  a  surface-condenser  is 
f  inch :  the  tubes  are  6  feet  long,  there  are  2^  square  feet  of  tube-surface 
per  indicated  horse-power,  the  water  circulates  three  times  through  the 
tubes,  the  weight  of  cooling  water  per  indicated  horse-power  is  800  lbs. 
Required  the  velocity  of  the  passage  of  the  cooling-water — 

rw^^      6  feet  X  3  times  x  800  lbs.         r  r    *  ^         •     *. 

Then ^^—^ =  96  feet  per  mmute. 

80  X  75  X  2*5 

The  Capacity  of  a  Circnlating-Fiinip  for  circulating  the  water  in  a 
surface-condenser  is  generally  equal  to  from  '5  to  '67  of  the  capacity  of  the 
air-pump  when  single-acting,  and  one-half  that  size  when  double-acting. 
A  circulating-pump,  together  with  air-pump  and  feed-pump,  is  shown  in 
Fig'  175  •  the  barrel  is  lined  with  gun-metal,  and  the  pump-rod  is  of  iron 
cased  with  brass ;  the  plunger  and  valve-seats  are  of  brass ;  the  valves  are 
of  india-rubber,  made  of  best  caoutchouc,  with  no  other  ingredients  than 
sulphur  and  white  oxide  of  zinc,  and  capable  of  enduring  a  test  with  dry- 
heat  of  270*^  F.,  and  with  moist-heat  of  320^  F. 

CondenseisTuheB  are  made  as  small  as  possible  in  diameter,  and  they 
are  placed  as  closely  together  as  possible  in  order  to  obtain  the  greatest 
amount  of  cooling  surface  in  the  smallest  space.  The  external  diameter  of 
the  tubes  is  usually  ^  inch  for  very  small  condensers :  f  inch  for  small : 
f  inch  for  medium  size:  and  i  inch  for  large  condensers.  The 
thickness  of  the  tubes  varies  from  20  to  16  I W  G,  or  from  '036  to  '064  inch. 
The  unsupported  length  of  tube  should  not  much  exceed  100  times  the 
external  diameter  of  the  tube :  a  supporting-plate  for  the  lubes  is  frequently 
fitted  in  the  middle  of  the  condenser. 
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Tlw  Pitdt  of  Snrfitcs-Coitdeitmr  Trtbei  is  generally  from  1^  lo  i| 
limes  the  external  diameter  of  the  lube ;  the  lubes  are  usually  placed  hori- 
zontally, and  arranged  in  zigzag  rows,  so  that  the  tubes  in  one  row  divide 
the  spaces  in  the  next  row,  as  shown  in  Figs.  177  and  r8i. 

BnuM  Tsbei  are  tha  best  fbr  Condviiasr*.  copper  tubes  do  not 
answer  for  this  purpose,  because  the 
acids  produced  by  grease,  carried 
with  the  steam  from  the  cylinders, 
dissolve  copper  and  produce  soluble  | 
sails  of  that  metal  which  are  carried  ' 
into  the  boiler  with  the  feed-water  and 
injure  the  boiler-plates.  l"he  tubes 
are  sometimes  tinned  as  a  protection 
against  corrosion.  The  condenser 
lube-pIates  and  all  bolts  and  screws 
should  be  made  of  brass  containing 
not  less  than  70  per  cent,  of  copper 
in  its  composition:  all  the  joints 
between  the  cj-linder,  condenser, 
air-pump,  and  framing,  should  be 
faced  and  firmly  secured.  Direct- 
ing-plates  should  be  fitted  to  cause 
the  circulating-water  to  pass  over 
the  whole  of  the  tube-surface, 
and  provision  should  be  made  for 
examining  and  cleaning  the  interior 
of    the    condenser.      The     thick-  „  v^.„,  •„,,■_ 

.     .  .         ,  .J-  Fur-  T75. — Verticaj  circuuKme-puipp, 

ness  of  the  tube-plates  vanes  from  ■rr.pmnp,  and  r«]-i>ump. 

f25    to    175    dmes    the    external 

diameter  of  the  tube,  according  to   the  description  of  packing  used  for 

the  tubes. 

CondeniAT  -  Tsbei  are 
nsnaJly  oompoisd  of  70  per 
cent,  of  best  copper  and  30 
per  cent,  of  fine  spelter. 

Packings  for  Conden- 
MT-Tnbea.  —  Wood-femiles, 
shown  in  Figs.  176  and  177, 
form  cheap  and  efficient  pack- 
ings for  condenser-lubes.  Thev 
are  made  of  well-seasoned  soft 
wood,  such  as  willow  or  pine, 
and  are  made  about  an  eighth 
of  an  inch  larger  in  diameter 

than  the  holes  in  which  they  r      B.  FI    i 

have  to  fit,  and  are  compressed  t^'dSisep-tubt!  paciccd  wiih  wood  ffmfi 

in  a  die  to  the  proper  size  for 

driving  into  their  holes.     When  wet  they  expand  and  fit  tightly  round  the 
tube  and  in  the  lube-plate  holes. 

A  hydraulic-leather  packing  for  tubes,  shown  in  Fig.  178,  can  only 
be  used  when  the  tubes  are  placed  horizontally,  and  where  the  water- 
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pressure  is  inside  the  tubes :  the  pressure  of  the  water  expands  the  leadier- 
washer  and  makes  a  tight  joint. 

An  indianibber  packing  for  condenser-tubes  is  shown  in  Fig.  179.  The 
rings  are  driven  into  a  recess  in  the  tube-plate,  this  arrangement  may  l>e 
used  when  the  water  circulates  through  the  tubes,  as  the  packing-rings  are 
then  pressed  into  their  place  by  the  water,  and  they  are  not  exposed  to  the 
action  of  grease. 

A  stuffing-box  and  gland  packed   with  tape  or  cord  for  each  tube. 


F^^ijS- 


shown  in  Fig.  180,  is  the  best  method  of  packing  condenser-tubes:  the 
water  may  circulate  either  inside  or  outside  the  tubes,  and  the  packing  is 
not  affected  by  heat.  A  plan 
of  the  tube-plate  showing  the 
arrangement  of  the  tubes  with 
these  stuffing-boxes  is  shown 
in  Fig,  181. 

A  Bugle-aotmff  T«rfcioal 
Aie^pniap  draws  the  air  and 
water  from  the  condenser  only 
in  its  upward  stroke,  and  the  air 
and  water  pass  through  valves 
in  the  pump-bucket  during  its 
downward  stroke,  and  are  dis- 
charged into  the  hot-well. 

Vertical  air  •  pumps  are 
usually  single-acting,  having 
valves  in  th^  buckets,  and 
they  are  more   efficient  than 

Fig.  iBr,-  Tul«-pl»te  wlih  siuBng-boi  Bnd  gland -paiiioi.    horizontal  air-pOmpS  With  SoUd 

plungers,     A  vertical  air-pump 
and  surface-condenser  of  a  marine-engine  are  shown  in  Fig,  182. 

A  Donblo-actuig  Air-puup  draws  the  air  and  water  from  the  con- 
denser at  each  stroke,  and  has  no  valve  in  its  plunger  or  piston.  Ii  is 
usually  placed  horizontally,  and  has  a  set  of  inlet  and  delivery-^'a1ves  at 
each  end  of  the  pump-barrel ;  a  double-acting  air-pump  for  a  stationaiy 
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engine  is  Bbown  at  Fig.  183.     The  direction  of  the  flow  of  water  is  con- 


Elg.  tSi.— Venial  a'r-piunp  and  >iiibi;c-cciidcnw 


Fig.  1B3.— Donblc-utlng  hori^nul  airpnmpi 


tinually  changing  in  this  class  of  pump,  which  impairs  iis  efllciency,  foi' 
which  reason  horizontal  ur-pumps  are  fiequentl/  made  single-acting. 
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A    Koriiontal  PliuigaT-Air-piuap,   with    Jtt-Cottd«ium*.  ftor   a 

8tktios»r7  Engina,  is  shown  in  Fig.  184* 


Fi^.  1B4.— Horiioiital  plungcr-vir-puinp  far  i  ^lAiiontry  «nglnft 

A  Horiiontal  PlTugcr-Aiz-pniap  Cor  a  lK«riii«-Siigine,  together 
with  feed-pump  and  surface-condenser,  is  shown  in  Fig.  185. 
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A  Trunk  Aix^pnmp  has  a.  hollow  cylinder  attached  to  the  bucket, 
which  passes  through  a  stufBng-box  in  the  air-pump  cover,  as  shown  in 
Fig.  186.  It  is  used  in  confined  places  where  the  space  does  not  admit  of 
a  cross-head  or  guides.  In  the  down-stroke  the  trunk  displaces  a  f>ortion 
of  the  water  contained  above  the  bucket,  equal  in  volume  to  the  displace- 
ment of  the  trunk. 

Til*  DUraronoe  botw^en  &  Bnoket  Air-pomp,  a  Pivton  Air- 
pniap,  ftnd  •  Vartlo&l  Plaugsr  Air-puap,  is : — A  bucket  air-pump 


is  single-acting,  and  is  fitted  with  foot  and  head-valves.  The  valves  in  the 
bucket  open  on  the  down-stroke  to  admit  water  through  the  bucket,  and 
close  on  the  up-slroke,  the  theoretical  quantity  of  water  lifted  being  equal 
to  the  capacity  of  the  air-pump  for  one  revolution  of  the  engine. 

A  piston  air-pump  may  either  be  made  single  or  double-acting  as 
required.  The  piston  is  solid,  without  valves ;  suction  and  deli  very- valves 
are  fitted  in  the  casing.  When  made  single-acting  it  discharges  water  at 
each  double  stroke  of  the  engine,  and  when  double-acting  it  discharges  at 
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each  single  stroke  of  the  engine.  The  vertical  plunger  air-pump  is  a 
double-acting  pump,  the  bucket  being  attached  to  a  plunger  instead  of  a 
rod,  there  are  no  head-valves ;  the  plunger  displaces  water  contained  above 
the  bucket  on  its  down-stroke,  and  water  is  discharged  at  both  the  up  and 
down-strokes,  whereas  the  bucket  air-pump  discharges  only  on  its  up- 
stroke. 

The  Capacity  of  the  Air-pump  for  a  Jet-Condenaer  may  be 
equal  to  from  i  to  J  the  capacity  of  the  low-pressure  cylinder  when  single- 
acting,  and  one-half  that  capacity  when  double-acting. 

Air-pumpcapacity^thatofcylinder=diam.of cylinder X  '5      (  VJV^ . 

I  y  'crc  }    siTOKe  is  one— 

"      Y  "  "  ''      ^  .ii/ )    half  that   of 

''       '*'  "  "  '*      X  07    ^  ^^^  pj^^^^^ 

When  the  stroke  of  the  bucket  is  either  more  or  less  than  one-half  the 
stroke  of  the  piston,  the  diameter  of  the  air-pump  may  be  found  by  this 
J^uU :  Square  the  given  diameter,  multiply  by  the  length  of  stroke,  and 
divide  the  product  by  the  proposed  length,  the  square  root  of  the  quotient 
will  be  the  diameter  of  the  air-pump. 

Example :  An  engine  with  a  4  feet  stroke  has  an  air-pump  28  inches 
diameter,  and  2  feet  stroke.  Required  the  diameter  of  the  air-pump  if  the 
length  of  stroke  be  increased  to  30  inches. 

Then  ?8jLl?^4t!?S!l£^  =  aV  627  =  25  inches,  the  diameter  of 
30  mches  V 

the  air-pump  required. 

When  the  capacity  of  the  air-pump  is  to  be  equal  to  ^th  of  the  capacity  of 
the  cylinder,  it  may  be  calculated  as  follows : — 

Example:  The  diameter  of  the  cylinder  of  an  engine  is  56  inches. 
The  length  of  stroke  is  42  inches.  The  air-pump  is  28  inches  diameter, 
and  18  inches  stroke.  Is  the  air-pump  large  enough  to  comply  with  the 
previous  Rule? 

Then  56  x  56  inches  x  7854  x  42  inches  =  103446  cubic  inches, 
the  capacity  of  the  cylinder,  and  103446  -=-  8  =  1293075  cubic  inches, 
the  capacity  the  air-pump  should  be;  but  the  air-pump  capacity  is  = 
28  X  28  inches  x  7854  x  18  inches  =  1 10844  cubic  inches,  therefore 
it  is  of  less  capacity  than  the  Rule  in  question  gives. 

Air-pnnip  &ever. — ^An  air-pump  for  a  vertical  marine-engine  is 
worked  by  a  lever,  shown  in  Fig.  182,  connected  to  the  crosshead  of  tne 
piston-rod.  The  weight  on  the  centre-bearing  of  the  lever  may  be  calculated 
by  this  Rule  : 

Weight  on  centre-bearing  =s 
Weight  on  pump-end  of  lever  x  its  distance  from  centre-bearing   , 
Length  of  crosshead-end  of  lever  from  centre-bearing 

load  on  lever. 

Example  :  An  air-pump  lever  sustains  a  weight  of  5  tons  at  the  pump- 
end  of  the  lever  which  is  3  feet  10  inches  from  the  centre-bearing,  the 
crosshead-end  of  the  lever  is  5  feet  9  inches  from  the  centre-bearing. 
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What  will  be  the  weight  on  the  centre-bearing,  exclusive  of  friction  and  of 
the  weight  of  the  lever  and  its  connections  ? 

Then  5  tons  x  46  inches  ^  ^^^^  ^^^^  j^^^  ^^  ^j^^  j^^.^^  _ 

69  inches.  ^  ^^  ^ 

8'33  tons,  the  weight  on  the  centre-bearing. 

la  Jet-oondensers,  the  air-pump  discharges  the  condensation-water, 
the  water  from  the  condensed-steam  and  the  air.  In  surface-condensers, 
the  air-pump  discharges  only  the  water  from  the  condensed-steam  and 
the  air;  therefore  a  smaller  pump  is  required  in  the  latter  than  in  the 
former  case.  Surface-condensers  are  sometimes  arranged  to  work  also  as 
jet-condensers  in  cases  of  accident,  then  the  capacity  of  the  air-pump  is 
made  the  same  as  for  a  jet-condenser. 

The  Pa«flag6s  and  ValTes  of  an  air-pump  should  not  be  less  than 
equal  to  one-fourth  the  area  of  the  air-pump. 

TIm  Velocity  of  the  Water  through  the  Passages  and  Valves 
of  an  Air-pump  should  not  exceed  500  feet  per  minute. 

The  Capacity  of  the  Air-pump  for  a  Sur&ce-condenser,  may  be 
equal  to  ^  the  capacity  of  the  low-pressure  cylinder.  The  capacity  of  the 
air-pump,  the  cooling  surface,  and  also  the  quantity  of  injection  water  pro- 
vided, varies  considerably  in  practice,  as  will  be  seen  from  the  following 
Table  collated  from  recent  practice  : — 

Table  82. — ^Air-pump  Capacity,  Cooling  Surface,  and  Quantity  of 
Circulating  Water  provided  for  the  Surface-condensers  of 
Marine-Engines. 


Indicated  Horse- 
power of  the 
Marine  Engines. 

CoolineSarfaceof     ^^l 
the  Andenser,         ""f*  ^j', 
in  Square  Feet.         °*^'***t 

e  Capacity  of 
•pump  to  that 
Low-pressure 
yliuder. 

Quantity  of  Circulating  Water 

provided,  per  Square 

Foot  of  Condensing  Surface. 

Cubic  Feet. 

Lbs.  of  Water. 

625 

800                       I 

:  40*04 

-152 

9-51 

860 

1695                       I 

'  S4-83 

-167 

10-42 

1025 

1980                       I 

:  20-47 

-151 

9-50 

1            1200 

3000                       I 

:  24-13 

-241 

15-00 

1400 

3400                       I 

:  24-00 

•226 

14-14 

1550 

3865                       I 

:  22-86 

•208 

1294 

1            1600 

19^0               I  : 

;  46-28 

-142 

8-92 

1980 

4786               I . 

:  22*23 

'192 

11-94 

2285 

7810               I  : 

:  36*47 

•191 

I2-00 

2350 

4850               I : 

:  25-00 

-187 

11-75 

2525 

2940               I  : 

:  2383 

•161 

10-10 

2650 

5280               I  : 

24-36 

•079 

494 

3400 

5500               I  : 

•  27-50 

•121 

775 

3800 

5670               I  : 

26*10 

•196 

I2-00 

4550 

5500               i: 

.  25-20 

•128 

8-00 

5600 

11610                I : 

27-25 

•215 

13*25 

8010 

11687                I : 

20-37 

-222 

1380 

lOOCX) 

25000                I  : 

24-00 

-248 

15-50 

2/2 
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Air-pnmp-Valves. — Indiarubber  valves  are  suitable  for  moderate 
temperatures,  they  should  be  made  of  the  best  caoutchouc,  with  not  more 
than  3  per  cent,  of  sulphur,  and  67  per  cent,  white  oxide  of  zinc.  They 
should  not  be  employed  where  mineral  oil  is  used  for  lubricating  the 
cylinder,  as  it  decomposes  them.  Several  small  valves  are  more  effective 
than  one  large  one.  Vulcanised-fibre  valves  are  more  suitable  for  high 
temperatures  than  indiarubber,  besides  being  more  durable,  and  not  liable 
to  injury  from  the  action  of  lubricants,  and  they  can  be  made  much 
thinner  than  indiarubber.  The  lift  of  indiarubber  and  vulcanised-fibre 
valves  is  controlled  by  the  perforated  guard,  shown  in  Fig.  187,  in  which, 
for  comparison,  an  indiarubber  valve  is  shown  on  the  left-hand  side  and  a 
vulcanised-fibre  valve  on  the  right  hand  side. 

Flexible  Metallic  Valves  for  Air-pumps,   shown  in  Fig.  188,  are 


Fig.  187.— Aiivptunp  valve. 


Fig.  x88.— KinKhom's  Metallic  valves. 


made  of  a  thin  and  elastic  sheet  of  phosphor-bronze.    They  are  neither 
affected  by  the  hottest  water,  nor  by  the  action  of  lubricants,  and  are 
eflficient  and  durable.    The  valve  in  lifting  bends  gradually  against  the 
curved  guard  by  which  the  lift  of  the  valve  is  controlled. 
Bigid    Metallio    Air-pniup    Valves,    shown  in   Fig.    186,   consist 

of  light  castings  of  bronze;  the  valve  is 
rigid,  and  slides  up  the  spindle  when  it 
lifts  from  its  seat. 

Heat  Carried  off  in  Condensing- 
Water. — ^The  efficiency  of  a  steam-engine 
is  the  ratio  of  the  heat  converted  into 
work  to  the  heat  expended.  Only  a  small 
portion  of  the  heat  supplied  to  an  engine 
is  converted  into  work,  the  remainder  is 
lost  by  conduction  and  radiation,  and  by 
passing  into  the  condensing-water  of  a 
condensing-engine,  or  by  being  discharged 
in  the  exhaust  steam  of  a  non-condensing  engine.  Therefore  by 
measuring  the  quantity  of  heat  carried  off  by  the  exhaust  steam,  the 
loss  of  heat,  per  horse-power  developed,  may  be  accurately  ascer- 
tained. It  is  evident  that  of  two  engines  receiving  per  minute  an  equal 
quantity  of  heat  from  the  boilers,  that  one  is  the  better  of  the  two 
which  converts  the  larger  portion  of  this  heat  into  work,  and  discharges 
the  least  into  the  condensing-water ;  hence  by  a  measurement  of  the 
quantity  of  heat  carried  off  by  the  condensing-water,  a  comparative 
estimate  can  be  formed  of  the  performance  of  the  two  engines.  This 
method  of  measuring  the  condensing-water  is  adopted  in  engine-tests,  to 
obtain  the  number  of  thermal-units  or  pound-degrees  for  each  indicated 


Fig.  189  — ^Iliomson's  metallic  valves. 
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horse-power  exerted  in  any  condensing-engine.  It  is  a  very  ready  method 
yi  testing  the  consumption  of  steam  where  the  measurement  of  the  feed- 
water  is  difficult  or  impossible,  as  steam-boilers  are  frequently  used  for 
other  purposes  than  power.  The  quantitj"  of  the  waste-water  from  the 
condenser  and  its  increase  of  temperature  simply  are  taken. 

ICfltliod  of  Ksamrmg  thfl  QuaiDti^  of  Water  oomiitg  firam  tha 
Air-pnmp  of  a  Condwudag-^ngia*. — It  is  important  to  measure  this 

Fig.  190. 


F!e».  190— 1911.— Appiranu : 


water  in  engine-tests,  because  it  contains  nearly  all  the  heat  and  steam  that 
passes  through  a  condensing-engine.  It  may  be  measured  by  a  simple 
apparatus  shown  in  Figs.  190-192,  which  may  be  briefly  described  as 
follows  • : — 

The  water  is  led  into  a  tank  or  reservoir,  having  a  series  of  transverse 
divisions  or  baffle-plates.      By  passing    over    some,   under  others,   and 

*  The  Author  is  indebted  lo  Messrs.  B.  Donkin  &  Co.,  the  makers  of  the  apparatus, 
for  this  informatioD,  which  was  ori^oally  given  in  a  paper  read  brfote  the  InstilutiOD  of 
Civil  Engineers,  and  also  in  "  Enginterii^." 
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through  the  last  of  these  plates,  the  water  can  be  made  to  flow  very 
steadily  and  without  undulations.  Beyond  these  divisions  the  water 
should  be  perfectly  smooth.  Under  the  above  conditions  the  quantity 
of  water  flowing  over  a  weir  is  easily  ascertained  by  the  usual  formula, 

Q  =  C  L  f  »y  2  g  h^y  in  which  Q  is  the  actual  quantity,  C  the  co- 
efficient of  discharge,  or  the  percentage  of  the  actual  over  the  theoretical 
quantity,  L  the  length  of  the  weir,  and  h  the  head  of  water  on  the  weir 
taken  some  way  back.    The  above  formula  becomes  Q,  cubic  feet  per 

second  =  C  L  5*3472  \/^,  putting  the  values  for  g  and  h  in  feet.  When 
Q  is  required  in  lbs.  per  minute,  L  and  h  being  taken  in  inches,  the  above 

formula  becomes  Q  lbs.  per  minute  =  C  L  40*082  ^h^.  Taking  the  weight 
of  a  cubic  foot  of  water  at  62*3 1963  lbs.  at  62°,  widi  0*62  for  C,  and'L  (the 
width  of  bay)  6  inches,  the  formula  becomes  Q  lbs.  per  minute  =  149*105 

-v/^'.    From  the  above  formula  Table  83  was  calculated. 

It  is  convenient  to  be  able  to  read  on  a  scale  constantly  the  height  of 
water  flowing  over  the  weir,  and  this  is  effected  in  the  following  way : — ^A 
float  is  fixed  near  the  last  baffle-board  (perforated  with  holes)  where  the 
water  is  quite  smooth  and  quiet.  The  float,  generally  made  of  thin  sheet 
brass,  and  about  six  inches  in  diameter,  is  allowed  to  move  up  and  down 
freely,  guided  by  glass  rods.  It  carries  an  index  which  rises  and  falls  in 
front  of  a  fixed  scale.  The  scale  is  adjusted  by  a  screw,  so  that  the  index 
denotes  zero  when  the  water  is  level  with  the  sill  of  the  weir.  To  overcome 
the  difficulty  of  capillary  attraction  if  the  tank  were  simply  filled  with  water 
to  the  level  of  the  sill  of  the  weir,  a  brass  rod  X,  Figs.  190  and  192,  with  a 
sharp  point  at  the  lower  end,  is  attached  to  the  side  of  the  tank,  provided 
with  a  vertical  screw  adjustment.  A  special  straight-edge.  Fig.  192,  is  used, 
and  laid  with  the  end  marked  i  on  the  sill  of  the  weir,  and  the  end  marked  2 
held  under  point  X.  On  this  straight-edge  is  laid  a  spirit-level,  and  the 
end  of  the  pointer  adjusted  until  level  with  the  sill  of  the  weir.  The 
straight-edge  being  removed,  the  tank  is  filled  with  water  very  slowly  until 
the  surface  of  the  water  touches  the  pointer.  The  water  is  now  level  with 
the  end  of  the  pointer  and  the  sill  of  the  weir.  The  scale  should  then  be 
adjusted  to  read  zero.  If  the  water  is  now  allowed  to  run  through  the 
tank,  any  rise  of  the  float  will  indicate  the  height  of  the  water  over  the  weir, 
and  the  readings  can  be  noted  as  often  as  desired.  The  zero  of  the  scale 
should  be  tested  before  and  after  each  trial.  This  method  is  very  ready 
and  accurate.  The  temperature  of  the  hot  water  should  be  taken  as  near 
to  the  air-pump  as  practicable,  but  not  before  it  is  well  mixed.  In  some 
cases  a  pencil  has  been  attached  to  the  float,  which  marked  continuously 
the  height  of  the  water  above  the  sill  of  the  weir,  on  a  band  of  paper  moved 
by  clockwork.  The  temperature  of  the  water  can  be  recorded  automatically 
in  a  similar  manner  by  means  of  a  Bourdon  metallic  thermometer.  The 
water  as  it  leaves  the  weir  should  fall  quite  clear  of  any  obstruction.  From 
the  quantity,  and  rise  in  temperature,  of  the  condensing-water  of  any 
engine  the  heat  rejected  can  of  course  be  readily  calculated. 

The  coefficient  for  the  actual  discharge  is  '62  of  the  theoretical  discharge ; 
the  correctness  of  this  coefficient  has  been  many  times  practically  tested. 
The  following  Table  saves  the  trouble  of  making  calculations  in  connection 
with  the  above  described  apparatus.  It  gives  the  weight  of  water  in  lbs. 
discharged  per  minute  for  different  heads  of  water  flowing  over  a  bay  or 
weir  6  inches  wide,  such  as  is  shown  in  Fig.  190. 
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Table  83. — Weight  of  Water  that  will  1 

6   INCHES   WIDE   AT  HEIGHTS    FROII    I    1 


iv  OVER  A  Bay  or  Weir 

I  TO   5||   INCHES. 


Inchd 

m£1 

P™nd>of 
Waur    , 

Inches 

Pound! or 

STy' 

Pounds  of 
Water 

ITy. 

■49 

2 

422 

3 

775 

4 

1 193 

S 

■  667 

If 

■78 

It 

442 

It 

799 

4A 

IZZl 

S,'. 

,698 

462 

824 

4i 

■249 

5! 

:32 

•f'* 

'.li 

It 

482 

It 

849 

:f 

.278 

St', 

,  t 

503 

874 

■30l>    (  Si 

1794 

ir 

3Z4 

'■f. 

5 '4 

3iV 

899 

4,', 

■335    1!  StV 

1826 

240 

'I 

546 

38 

924 

4j 

■364  '  sS 

1858 

\t 

274 

It 

5«7 

589 

It 

950 
976 

t 

■394    '1  !t', 
■423    i  5l 

189. 
1923 
1950 

■A 

2^1 

^A 

612 

1003 

'453    1  "  " 

JO9 

2 

634 

1020 

1483 

1989 

I  1 

3"7 

^-ri 

657 

■  056 

1 

1513 

2022 

345 

z 

680 

.083 

■544 

2089 

■  ! 

364 

2    i 

703 

mo 

i 

■574 

383 

2  ■ 

727 

•■37 

■  60s 

2123 

■K 

401 

2fS- 

751 

■  ■65 

1 

1636 

2157 

The  above  weights  are  calculated  on  the  assumption  that  the  water  be 
allowed  to  enter  the  reservoir  and  leave  the  bay  under  the  conditions 
staled. 

The  above  Table  can  be  used  for  bays  or  weirs  of  other  widths  by 
multiplying  the  tabular  quantities  by  the  actual  width  of  the  bay  or  weir 
and  dividing  the  product  by  6. 

In  using  this  apparatus,  the  tank  should  be  so  placed  that  the  water 
flowing  over  the  bay  has  a  clear  fall  of  i2  or  i8  inches.  The  water  from 
the  hot-well  is  delivered  into  the  tank  at  the  end  near  which  the  transverse 
partitions  are  fixed,  and  it  flows  over,  under,  and  through  the  latter,  as 
shown  by  the  arrows.  By  this  means  the  current  is  steadied  so  that  the 
water  over  the  bay  may  be  accurately  measured.  The  temperature  of  the 
condensing- water  should  be  measured,  first,  before  entering  the  condenser, 
and,  secondly,  at  its  escape  from  the  measuring-tank ;  the  best  mode  of 
taking  the  latter  reading  being  to  allow  the  overflowing  water  to  fail  on  the 
thermometer.  By  doing  this,  it  is  secured  that  the  reading  is  taken  at  a 
place  where  the  water  is  thoroughly  mixed,  and  its  temperature  is  therefore 
fairly  unifonn  throughout. 

Tb9  ICod*  of  cuTTuig  oat  an  Ei^iao-Tut  on  tlw  abor*  l^rtem 
is  as  follows :  Indicators  should  be  fitted  to  the  engines,  and  indicator  dia- 
grams should  be  taken  simultaneously  from  both  ends  of  the  engine-cylinder, 
at  regular  intervals,  say  of  ten  minutes  and  at  the  same  time,  the  initial  and 
final  temperatures  of  the  condensing- water  should  be  taken,  and  the  head 
of  discharge  should  be  noted.  Besides  these  obseri'a lions,  the  speed  of 
the  engine  should  be  recorded,  if  possible,  by  a  counter.  The  more 
irregular  iha  power  developed  by  the  enjrine,  the  more  frequent  should  be 
the  intervals  at  which  the  observations  «re  taken,  while  in  all  cases  these 
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intervals  should  be  regular,  as  in  dealing  with  considerable  variations  of 
power,  an  irregularity  in  the  intervals  between  the  observations,  may  lead 
to  erroneous  results. 

From  the  data  obtained  in  an  engine-test  carried  out  in  the  manner  above 
explained,  the  following  facts  can  be  derived : — 

(i.)  The  mean  indicated  horse-power. 

(2.)  The  mean  quantity  of  water  discharged  per  minute  from  the  con- 
denser, and 
(3.)  The  mean  rise  in  temperature  of  the  condensing- water. 

If  the  number  of  pounds  of  water  discharged  per  minute  be  multiplied 
by  the  mean  rise  in  temperature,  and  the  product  divided  by  the  mean 
indicated  horse-power,  the  quotient  will  be  the  number  of  pound-degrees, 
or  units  of  heat  discharged  per  minute  per  indicated  horse-power,  and  this 
number  forms  a  constant  by  which  the  performance  of  the  engine  can  be 
judged,  or  from  which  the  quantity  of  steam  used  by  it  can  be  calculated. 

To  make  this  perfectly  clear  it  may  be  illustrated  by  an  example.  Suppose 
the  observations  made  on  an  engine  show  that  the  mean  indicated  horse- 
power developed  is  1 30 horse-power ;  the  average  quantityof  water  discharged 
per  minute  from  the  condenser  is  1250  lbs. ;  and  that  the  mean  rise  in  tem- 
perature of  this  water  is  40°  Fahr.,  then  the  number  of  units  of  heat 
discharged  from  the  condenser  per  minute  is  1250  x  40=  50000  pound- 
degrees,  and  the  engine  "constant "or  number  of  units  of  heat  discharged 

per  horse-power  per  minute  is  ^^???  =  384*6.    This  "constant"  forms  a 

130 

means  by  which  the  performance  of  the  engine  can  be  compared  with 
that  of  any  other  engine  tested  on  the  same  system ;  the  lower  this  constant 
is,  the  higher,  of  course,  being  the  efficiency  of  the  engine. 

The  manner  in  which  the  quantity  of  steam  used  per  horse-power  per 
hour  can  be  obtained  from  the  "  constant  '  can  be  readily  explained  by 
continuing  the  consideration  of  the  example  above  given.  Suppose,  for 
instance,  that  the  engine  in  question  is  supplied  with  steam  of  50  lbs.  pres- 
sure, and  that  the  temperatures  of  the  injection-water  and  of  the  discharge 
from  the  condenser  are  55°  and  95°  respectively.  The  amount  of  steam 
used  will  be  made  up  of  three  quantities,  namely,  first,  that  to  supply  the 
heat  converted  into  work  ;  second,  that  to  supply  the  heat  imparted  to  the 
condensing-water ;  and  third,  that  to  supply  the  losses  by  radiation,  &c. 

For  each  horse-power  developed  there  are  converted  into  work  23 

=  2564-5  units  of  heat  per  hour,  and  as  the  total  heat  of  steam  of  50  lbs. 
pressure  is  1207*8°,  and  the  discharge  from  the  condenser  takes  place  at  95°, 

it  gives  in  this  case — ~:^-^ —  =  2*306  lbs.  of  steam  per  hour  required  to 

account  for  the  heat  converted  into  work.  Again,  the  discharge  from  the 
condenser,  as  shown  by  the  *'  constant,"  carries  off  384*6  x  60  =  23076 

units  of  heat  per  hour,  and  to  furnish  this ^3P-^ =  2001  lbs.  of 

1207-8°— 55° 

steam  have  to  be  provided.  It  will  be  noticed  that  in  this  last  calculation 
the  divisor  is  the  total  heat  of  the  steam  less  the  temperature  of  the  injec- 
tion-water, and  not  of  the  discharge  from  the  condenser.  This  divisor 
must  be  taken,   because  the  whole  discharge  from  the  condenser  does 
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not  consist  of  heated  injection-water,  but  of  that  water  mixed  with  the 
steam  which  has  been  condensed.  This  is  allowed  for  by  taking  the  divisor 
as  given.  Thus  2-306  -f  20-01  =  22-316  lbs.  of  steam  per  hour  are 
accounted  for,  and  to  this  amount  an  allowance  must  be  added  for  losses 
by  radiation,  &c.,  which  may  be  taken  at  5  per  cent.,  making  the  total 
amount  of  steam  required  per  horse-power  per  hour  =  23-48  lbs. 

The  quantity  of  steam  required  calculated  as  above  must  be  true 
steam.  If  the  boiler  primes  to  the  extent  of  10  per  cent.— a  by  no 
means  uncommon  occurrence — then  the  apparent  evaporation  from  the 
boiler  working  the  engine  we  have  taken  as  our  example,  would  be  greater, 
or  probably  about  25^  lbs.  of  steam  per  horse-power  per  hour.  It  will  be 
seen  from  the  above,  that  when  used  in  conjunction  with  a  boiler  trial,  this 
system  of  testing  affords  a  clear  indication  of  the  steam  supplied  to  the 
engine,  while  it  is  evident  that  when  used  alone  it  gives  results  which  are 
practically  (although  not  absolutely)  independent  of  priming,  and  which 
afford  therefore  a  better  criterion  of  the  performance  of  the  engine  itself 
than  can  be  obtained  by  any  other  mode  of  testing. 


WATER-PUMPS   AND    TANKS. 

Pumps. — All  pumps  lift  considerably  less  water  than  the  theoretical 
quantity  due  to  their  size  and  speed.  The  efficiency  or  quantity  of  work 
realized  in  proportion  to  that  applied,  is  called  the  modulus  of  a  machine. 
Thus,  if  a  pump  only  lifts  one-half  the  quantity  of  water  it  is  theoretically 
capable  of  lifting,  its  modulus  will  be  '5. 

The  Modnliui  or  Efficiency  cf  Ihimpe  averages  as  follows : — 

Centrifugal  pumps,  low  lift '50 

Common  lifdng  pumps -50 

Ordinary  lifting  and  force-pumps  .        .        .        .    '66 
Air-pumps '56  to  '56 

In  high-class  pumps,  such  as  are  used  for  water-works,  the  quantity  of 
water  actually  pumped  is  frequently  from  80  to  94  per  cent,  of  the  theoretical 
contents  of  the  pumps. 

Example  i :  How  many  cubic  feet  of  water  is  a  6  horse-power  steam-pump 
capable  of  lifting  per  hour  to  a  height  of  20  feet } 

Then,  the  work  applied  per  hour  =  6  x  33000  x  60  minutes. 

The  work  done  =  6  x  33000  x  60  X  '60  modulus. 

The  work  in  raising  i  cubic  foot  of  water  =  62*5  lbs.  x  20  feet. 

The  number  of  cubic  feet  of  water  = 3^22 =6273  cubic 

feet  per  hour.  "^"5  x  20 

Example  2  :  A  6  horse-power  steam-pump  lifts  6273  cubic  feet  of  water 
per  hour  to  a  height  of  20  feet,  What  is  the  modulus  or  efficiency  of  the 
pump.? 

The  work  done  per  hour  =  6  x  33000  x  60  minutes. 

Total  work  done  =  6273  x  62*5  x  20  feet. 

The  efficiency  or  modulus  = 

Workjone    ^    6  x  33000  x  60  ^  .^g  ^^^^^ 
Work  applied       6273  x  62-5  x  20 


*  « 


'^*  For  much  useful  information  on  Pumps  and  Pumping  see  the  author's  work  "The 
Works*  Manager's  Handbook,"  published  by  Crosby  Lock  wood  &  Son,  London. 


S78  THF,  PRACTICAL  ENGINEER'S  HAND-BOOK. 

Kxamph  3:  Required  the  indicated  horse-power  of  an  engine  to  pump 
6273  cubic  feel  of  water  per  hour  from  a  ilepih  of  20  feel. 
Then,  work  in  raising  the  water  per  hour  =  6173  ^  ^^'5  "^s,  x  20  feet. 
Effective  work  of  one  horse-power  per  hour  =  33000  x  60  minutes  x  -66 

modulus,  am)  the  power  of  the  engine  =  -  ' '         ^ =  6  horse- 

power.  33000  X  to  X    66 

Example  4:  A  tank  is  12  feet  long,  6  feet  wide  and  6  feet  deep;  the 
height  from  the  water  tn  the  well  to  the  bottom  of  the  tank  is  70  feet.  In 
what  time  can  ihe  tank  be  filled  with  waier  by  a  hand-pump,  if  the  man 
performs  2600  units  of  work  per  minute  and  the  modulus  of  the  pump  is 
■66? 

Then,  weight  of  water  the  tank  will  hold  =12x6x5  f<^«t  ^  ^^'S  'ti^- 
=  27000  lbs. 

Height  lo  which  the  centre  of  gravity  of  the  water  is  raised  =  J  -|-  70  = 
73  feet. 

Work  =  27000  lbs.  X  73  feet  =  1971000. 

Effective  work  of  the  man  per  hour  2600  units  X  60  minutes  X  '66 
modulus  =  io2q6o. 

Then,        ■f'°°°™''    ,  =  ,9l  hours. 
102960  eifective  work 

A  TnTtiMl  Pomp,  with  ram,  is  shown  in  Fig.  193.  The  vaKes  and 
seats  are  of  gun-metal,  and  the 
casing  of  casl-iron. 

Tli«  Area  of  a  Pomp. 
Barrel  is  =  diameter  *  x 
■7854. 

The  CapaoUr  of  a  Puap- 
B»ml  is=the  area  in  square 
inches  x  the  length  of  stroke 
in  inches. 

The  Quuxtity  of  Water 
in  CSnbic  Inchee  deliTereil 
per  Stroke  is  =  the  capacity 
X  the  fraction  of  the  pump's 
efficiency. 

The  Qnuititir  is  Cnliio 
laohea  deliTered  per  Hour 
is  =  the  net  quantity  of  water 
delivered  per  stroke  X  the 
number  of  strokes  per  minute 
and  by  60. 

The  Qoantity  in  Cnbio 
«.  ,„,    v^\^\ '"•*  deliTered  per  Zonr  is 

pig.  193. — Verticu  pump.  -      -  i  ■     .      t 

=  the  quantity  in  cubic  mcbes 
divided  by  1728. 
Example :  How  many  cubic  feet  of  iialer  will  be  delivered  per  hour  by 
a  single-acting  pump,  4  inches  diameter,    12  inches  stroke,  number  of 
strokes  perminute  =  20,  the  pump  being  two-thirds  full  at  each  stroke? 
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Then  4^x7854  =  12-566  the  area  of  the  pump-barrel  in  square 

inches. 
12-566  X   12  inches  stroke  =  150792   the  capacity  of  the 

pump-barrel  in  cubic  inches. 
150-792  X  f  =  100-528  the  quantity  of  water  delivered  per 

stroke  in  cubic  inches. 
100*528  X  20  strokes  x  60  =  120633*6  the  quantity  of  water 

delivered  per  hour  in  cubic  inches. 
120633-6  -^  1728  =  69-81  the  quantity  of  water  delivered  per  hour 

in  cubic  feet. 

The  Diameter  and  Xiength  of  Stroke  of  Fnmpef  the  number  of 
strokes  per  minute,  and  the  quantity  of  water  delivered,  may  be  obtained 
by  the  following  formulae : — 

Let  Q  =  the  quantity  of  water  in  cubic  feet  delivered  per  hour. 
D  =  the  diameter  of  the  pump-barrel  in  inches. 
L  =  the  length  of  stroke  in  inches. 
N  =  the  number  of  strokes  per  minute. 
M  =  the  modulus  of  the  pump  =  in  most  cases  f  or  *66. 
P  =  the  quantity  of  fresh-water  in  tons. 
S  =  the  quantity  of  sea-water  in  tons. 

p.  _  -7854  D«  L  N  M  x  60 
^"  17^8 


D=   xH  '728  Q  \ 

V  \,-7854  L  N  M  X  60/ 


7854 
L=  '728  Q 


-7854  D«  N  M  X  6o' 
N  = JZ28_Q 


-7854  D«  L  M  X  6o' 

M  -  _       '72LQ 

•7854D«"LN  x  6o* 

p_  -7854  D«  L  N  M  X  60 
1728  X  359 

g  _  -7854  D«  L  N  M  X  60 
1728  X  35 

Example:  Required  the  diameter  of  a  pump  to  deliver  69-81  cubic  feet 
of  waier  per  hour.  Length  of  stroke,  1 2  inches ;  number  of  strokes  per 
minute,  20. 

Then -5 IZ^^.Ji_^2lL =  16  and  yi6  =  4  inches  diameter. 

7854  X  12  X  20  X  f  X  60 

A  vertical  pump  with  an  escape-valve  attached  to  the  delivery  side  of  the 
pump  is  shown  in  Fig.  194.  The  escape-valve  relieves  the  pipes  of  any 
strain  due  to  the  accidental  obstruction  of  the  delivery  pipes :  it  is  loaded 
with  a  spring,  which  may  be  adjusted  to  suit  the  pressure  required.  Tho 
v.*ater  which -passes  the  escape-valve,  is  discharged  into  the  suction-pipe.  • 
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Tha  TiiuA  xvqnirod  to  Pump  a  given  Qoantitr  of  Wats*  may  be 

found  by  dividing  the  quantity  of  water  in  culiic  feet  to  be  pumped,  by  the 
numt>er  of  cubic  feet  of  water 
discharged  per  hour  by  the 

Example  :  What  length  of 
time  wi!l  be  required  to  empty 
a  tank  containing  loo  tons 
of  sea-water,  with  a  single- 
acting  pump,  4  inches  dia- 
meter, 12  inches  stroke,  mak- 
ing zo  strokes  per  minute, 
tbe  pump  being  two-ihirds 
full  at  each  stroke. 

Then  the  quantity  of  water 
in  the  tank  will  =  loo  x  35 
cubic  feet  per  ton  =  35C0 
cubic  feet.  The  quantity  of 
water  the  pump  is  capable 
of  discharging  per  hour  as 
given  in  the  previous  example 
is  69'8i,  or  say  70  cubic  feet 
per  hour,  and  3500  h-  70  = 
50  hours.  If  the  pump  had 
been  double-acting,  only  one- 
half  the  time,  or  25  hours, 
would  be  required  to  empty 
the  lank. 
Tka    Timo    nqnlred  to  Pnmp    a    given    Quantity  of  Water, 

when  two  or  more  pumps  of  different  size  are  employed  to  empty  a  tank, 

may  be  found  by  the  following : — 
Rule :  Divide  the  product  of  the  time  in  which  each  pump  wil!  separately 

empQi  the  tank,  by   the  sum  of   the  times  required  by  each  pump  to 

separately  empty  the  tank. 

Example :  The  \vater-ballast  pump  of  a  steamship  will  empty  a  tank  in 

3  hours,  and  the  boiler  pump  will  empty  it  in  10  hours  :    In  what  time  can 

the  tank  be  emptied  by  both  pumps  working  together  ? 

Then  5 =  2  hours,  18  minutes. 

3  +  10 
The  Qnantitj  of  Water  roqnired  to  be  Pumped  into  a  Boiler 

to  raise  the  water-level  a  given  height  may  be  found  by  this  Rule  : 
Multiply  the  superficial  area  of  the  tt'aier-level  by  the  required  height  and 
divide  by  the  quantity  of  water. 

Example:  The  surface-area  of  water  in  a  boiler  at  the  water-level  is 
=  6  feet  X  10  feet :  How  many  tons  of  sea-water  are  required  to  be  pumped 
into  the  boiler  to  raise  the  water-level  in  the  water-gauge  glass  to  the  extent 
of  6  inches  ? 

X jox  jteet  „      ,         , 
35  cubic  feet 

1 20  X  6  inches 

-  1714  cwt. 


Fig.  194.— Verticil  pump,  *iih  ocape-viJve. 


Then" 


L  inches,  then 


;  or  if  the  dimensions  be  taken 


35  cubic  leet  ) 


iches 
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For  fresh  water,  use  35-9  as  a  divisor,  instead  of  35  in  the  above 
example. 

The  Velooity  of  Water  in  a  Pump  in  feet  per  minute,  may  be 
found  by  multiplying  the  length  of  stroke  in  feet  by  the  number  of  strokes 
per  minute.  The  velocity  of  water  in  pipes  is  in  inverse  proportion  to  their 
areas,  or  to  the  squares  of  their  diameters. 

Example :  A  pump  makes  50  strokes  per  minute.  Length  of  stroke, 
2  feet;  diameter  of  ram,  6  inches;  diameter  of  delivery  pipe,  3  inches. 
Required  the  velocity  of  the  water  in  the  pump-barrel  and  in  the  delivery 
pipe  in  feet  per  minute. 

Then  50  strokes  x  2  feet  =100  feet,  the  velocity  of  the  water  in  the 

.        1      J  6  inches  x  6  inches  x  100         ^^  r    *  *u       1    -^     r  .i. 

pump-barrel  and  r— 7- -. — r =  400  feet,  the  velocity  of  the 

3  inches  x  3  inches  ^ 

water  in  the  delivery-pipe. 

In  Calcnlatioiui  for  Pumps,  where  accuracy  is  required,  it  is  necessar}', 

in  addition  to  the  load  on  the  pump,  to  make  allowance  for  the  following 

resistances : — 

I  St.  The  friction  of  the  ram  in  the  gland,  and  of  the  bucket  or  piston 

against  the  sides  of  the  pump. 
2nd.  The  friction  of  the  water  in  the  pipes. 

3rd.  The  resistance  of  the  water  in  passing  through  the  pump-valves. 
4ih.  The  weight  of  the  valves. 
5th.  The  force  necessary  to  work  the  ram  or  bucket  by  itself. 

In  well-proportioned  vertical-pumps,  the  load  to  be  overcome  in  raising 
the  pump-bucket  or  ram,  including  these  resistances,  independent  of  the 
weight  of  the  ram  or  bucket  and  rod,  may  be  found  by  the  following 
formulae : — 

When  the  force  necessary  to  work  the  bucket  is  not  taken  into  account, 
the  load  to  be  overcome  in  raising  the  ram  or  bucket  is  equal  to 
625  lbs.  X  D"  X  7854  X  L  X  R. 

Where  62*5  =  the  weight  in  lbs.  of  a  cubic  foot  of  water. 
D      =  the  diameter  in  feet  of  the  pump-barrel. 
H      =  the  height  in  feet  from  the  level  of  the  water  from  which 

the  pump  draws  its  supply,  to  the  point  of  delivery  above. 
R      =  a  co-efficient  to  provide  for  the  above  resistances  =  i*i  in 

most  cases. 

Then  62*5  x  7854  x  it  =  54,  and  the  formula  for  the  load  to  be 
overcome  on  the  pump  is  simply  54  D"  x  H. 

When  the  force  necessary  to  work  the  ram  or  bucket  by  itcelf  is  not 
known,  it  may  in  most  cases  be  provided  for  by  adding  '06  to  i  t  given  above, 
and  the  co-efficient  of  the  resistances  becomes  it6;  then  62*5  x 
7854  X  it6  =  57,  and  the  formula  in  such  cases  for  the  load  to  be  over- 
come on  the  pump  is  57  D"  x  H. 

In  each  case  the  weight  of  the  pump-ram,  or  bucket  and  rod,  must 
be  added  to  the  result  obtained,  in  order  to  find  the  total  load  to  be  over- 
come in  raising  the  ram  or  bucket  in  a  vertical  pump.  As  the  weight  of 
the  ram  or  bucket  assists  its  depression,  less  power  is  required  to  depress  it 
than  that  necessary  to  raise  it. 


282  THE  PRACTICAL  ENGINEER'S  HAND-BOOK. 

Example  :  Required  the  load  in  lbs.  to  be  overcome  in  raising  a  pump- 
bucket,  6  inches  diameter,  to  lift  water  a  height  of  50  feet,  from  the  water 
in  the  well  to  the  point  of  delivery  in  a  tank,  the  weight  of  the  bucket 
and  rod  not  being  taken  into  account. 

Then  57  x  -5  x  -5  x  50  =  712-5  lbs. 

The  Eorse-power  required  to  Work  a  Pomp  may  be  found  by 
adapting  the  above  formula  as  follows,  where  V  is  the  velocity  of  the  pump 
in  feet  per  minute. 

en  T)«    X    H    X    V 

Horse -power  of  a  pump  =  -^^ 

33jCxx) 

Example :  Required  the  horse-power  of  the  pump  described  in  the  last 

example,  if  the  velocity  of  the  pump-bucket  is  60  feet  per  minute. 

T-u      57  X  "5  X  -5  X  50  X  60         .^     u 

Then  ^-^^ ^ 5 2 =  1*20  horse-power. 

33,000 

The  Quantity  of  Water  to  be  Pumped  out  of  a  Ship,  flowing 
in  through  a  hole  in  the  bottom,  may  be  found  by  the.  following  formula, 
where  Q  =  t  le  quantity  of  water  in  cubic  feet  flowing  in  per  second,  and 
H  =  the  depth  in  feet  of  the  hole  below  the  surface  of  the  water. 

Q  =  Area  of  hole  in  square  inches  x  8  ^/H 

144  ~"~" 

The  Quantity  of  Water  a  Tank  will  contain  may  be  found  by  the 
following  Rule:  Multiply  the  length,  width,  and  depth  together  and 
multiply  the  product  by  6*25,  the  product  will  be  the  number  of  gallons  of 
fresh  water  the  tank  will  hold. 

Example :  How  many  gallons  of  water  will  a  tank  4  feet  long,  4  feet 
wide,  and  3  feet  deep  contain  .? 

Then  4x4x3x6-25=  300  gallons,  or  100  gallons  per  foot  in  depth. 

The  Weight  of  Water  a  Tuik  will  contain  may  be  found  by  the 
following  Rule :  Multiply  the  contents  of  the  tank  in  cubic  feet  by  62*5  for 
the  weight  in  lbs.  of  fresh  water,  or  by  64  for  the  weight  in  lbs.  of  sea- 
water. 

Example :  Required  the  weight  of  fresh  water  that  the  tank  named  in 
the  previous  example  will  contain. 

Then  4x4x3=48x62*5=3000  lbs.  or  48-7-35*9=1  ton  6  cwt.  o  qrs. 
20  lbs.  This  tank  would  hold  48-7-35  =  1  ton.  7  cwt.  i  qr.  19  lbs.  of  sea- 
water. 

The  Sise  of  Tank  to  contain  a  given  Vumber  of  Gallons  may  be 
found  by  the  following  formulae :  the  dimensions  being  expressed  in  feet. 

_^     ,      ,     -      ^    ,         Number  of  gallons 

The  depth  of  a  tank  =f — — r .  ,,r^,  .    , 

^  Length  x  width  x  6-25. 

rru      -j.u    f     ♦    1,        Number  of  gallons 

The  width  of  a  tank  == -. — 1 — c — z — 

Length  x  depth  x  6-25. 

«,,     I       .1     r     *    1         Number  of  crallons 

The  length  of  a  tank  =•-.,.,  , — ^ — - — r 

^  Width  X  depth  X  6-25. 

Example  i  :  A  tank  4  feet  long,  4  feet  wide,  and  3  feet  deep,  contains 
200  gallons  of  water:  What  is  the  depth  of  the  water,  and  what  is  the 
distance  of  the  surface  of  the  water  from  the  top  of  the  tank  ? 
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Then , — 200  gallons     ^  ^  ^^^^  ^     ^^  ^j  ^^.^^^^  .^  ^^^ 

4  feet  long  x  4  feet  wide  x  6-25 
tank,  and  the  distance  of  the  surface  of  the  water  from  the  top  of  the  tank 
is  3—2=1  foot. 

Or  200  gallons-r-6-25=32  cubic  feet  of  water  in  the  tank. 
4  feet  long  X  4  feet  wide=i6  square  feet  surface  of  water. 

32-7-16=2  feet  depth  of  water  in  the  tank. 

And  3  feet  depth  of  tank — 2  feet=  i  foot  depth  of  the  surface  of  the 
water  from  the  top  of  the  tank. 

Example  2  :  A  tank  4  feet  long,  4  feet  wide,  and  4  feet  deep  is  full  of 
olive  oil :  required  the  consumption  per  day,  if  in  10  days  the  depth  of  oil 
is  lowered  18  inches;  and  also  the  weight  of  oil  in  the  tank. 

Then  4  feet  x  4  feet  x  4  feet  =  64  cubic  feet,  the  contents  of  the  tank, 
and  4  feet  wide  x  4  feet  long  X  15  foot  =  24  cubic  feet,  the  quantity  of 
oil  used,  24  X  6*25=  1 50  gallons,  1 50-5- 10=  1 5  gallons  consumption  par  day. 

The  specific  gravity  of  olive  oil  is  '915  and  62*5  lbs.  x  •915=57-19  lbs., 
the  weight  of  a  cubic  foot  of  oil,  then  57*19  x  64  cubic  feet  the  capacity  of 
the  tank=366o  lbs.  the  weight  of  oil. 

The  XHameter  of  a  Tank  to  contain  a  givon  number  of  Gallons, 
being  given  to  find  the  depth,  or  the  depth  being  given  to  find  the  diameter, 
all  the  dimensions  being  expressed  in  feet. 

The  height  of  a  circular  tank=  ^.  N"*"*^;  °^  f  "°°^, 

°  Diameter  ■  x  7854  x  6'25- 

on.              r        •      1      *    1       Number  of  gallons 
The  area  of  a  circular  tank= — -^  .  . — ^ . 

Height  x6'25 
The  diameter  of  a  tank  =  y area -7-7854. 

Example  i :  Required  the  height  of  a  tank  4  feet  6  inches  diameter,  to 
hold  400  gallons  of  oil. 

Then 400  gallons  ^  j^^^  ^.^ 

4-5  X  4-5  X  7854x6-25 

Example  2  :  Required  the  diameter  of  a  circular  tank  4*02  feet  high,  to 
contain  400  gallons  of  oil. 

Then  ^^  ga  ons__  ^^.^  ^^^^  .^^  square  feet  and  i5'9-f-7854=^/20*24 
4  02  X  0  25 
=4  feet  6  inches  diameter. 

The  Time  a  Tank  will  take  in  Filling,  when  a  given  quantity  of 
water  is  going  in  and  a  given  quantity  going  out  in  a  given  time,  may  be 
found  by  this  Rule :  Divide  the  contents  of  the  tank,  in  gallons,  by  the 
difference  of  the  quantity  going  in  and  that  going  out  of  the  tank,  and  the 
quotient  will  be  the  time  in  hours  that  the  tank  will  take  in  filling. 

Example :  If  60  gallons  per  hour  be  pumped  into,  and  40  gallons  per 
hour  be  pumped  out  of  a  tank  capable  of  holding  400  gallons,  in  what 
time  will  the  tank  be  filled  ? 

Then  ^  ^^^     =  20  hours. 
60—40 
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SLIDE-VALVES,  PISTON-VALVES,  CORLISS-VALVES,  LINK- 
MOTION  AND   OTHER  VALVE-GEARS. 

The  Slide-valve  regulates  the  admission,  expansion,  and  exhaust  of  the 
steam  in  the  cylinder.  The  action  of  the  slide-valve  may  be  clearly  com- 
prehended by  constructing,  with  thin  strips  of  wood,  a  working  model  of  a 
slide-valve,  arranged  so  that  the  valve  may  be  moved  over  the  ports  of  the 
cylinder,  to  show  how  communication  is  established  alternately  between 
each  steam  port  and  the  exhaust  port,  and  the  position  of  the  valve  at 
various  points  of  the  stroke  of  the  piston. 

A  model  of  an  ordinary  single-ported  slide-valve  is  shown  in  Fig.  195, 


Fig.  X95. — Model  of  an  ordinary  slide-valve. 

in  which  the  slide-valve  v  is  shown  in  the  position  it  would  occupy  when 
the  piston  has  moved  in  the  cylinder  to  the  end  of  one  stroke,  and  is  about 
to  commence  the  return  stroke,  a  being  the  port  through  which  steam  is 
entering  the  cylinder,  and  b  the  port  through  which  the  steam,  which  pro- 
pelled the  piston  on  its  previous  stroke,  is  escaping  into  the  exhaust  port. 
The  valve  v  is  moving  in  the  direction  of  the  arrow,  and  opening  the  port, 
A,  for  the  admission  of  the  steam,  and  a  communication  is  at  the  same  time 
established  between  the  port  b,  through  which  the  steam  is  exhausting,  and 
the  exhaust  port  e.  When  the  piston  arrives  at  the  other  end  of  the  cylinder 
the  valve  will  have  moved  back  again,  and  these  conditions  will  be  reversed  ; 
the  steam  will  be  admitted  to  the  cylinder  through  the  port  b,  and  it  will 
escape  or  exhaust  from  the  cylinder  through  the  port  a.  The  valve  moves 
from  its  middle  position  to  the  end  of  its  travel,  and  back  again  to  its 
middle  position,  while  the  piston  moves  from  one  end  to  the  other  end  of 
the  cylinder. 
A  similar  model  of  an  expansion  slide-valve  is  shown  in  Fig.  196.    The 


Tig.  X96.— Model  of  an  expansion  slide-valve. 

circle  in  each  case  represents  the  motion  of  the  crank-pin,  and  p  is  a  pointer 
to  show  the  position  of  the  crank  when  the  valve  is  set  to  give  the  required 
lead. 


LEAD  OF  slide-valves. 
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When  the  terms  lap  and  lead  are  used,  they  are  understood  to  refer  to 
outside  lap  and  lead  only,  unless  othenvise  expressed. 

Load  of  a  Valve  is  the  width  the  port  is  open  to  steam  at  the  beginning 
of  the  stroke,  as  shown  in  Fig,  197, 
in  order  to  bring  the  full  pressure 
of  the  steam  on  the  piston  as  it 
commences  its  stroke.  The  steam 
thus  admitted  acts  as  a  cushion  upon 
the  piston,  and  enables  it  to  reverse 
its  motion  without  shock,  and  pre- 
vents the  jerk  and  strain  which  would 
come  on  the  crank-pin  if  the  piston 
were  thrown  upon  the  crank  with 
full  force  at  its  dead  points  ;  it  also 
ensures  the  quick  getting-away  of  the  piston  irom  the  end  of  the  stroke. 

Load  is  effected  by  fixing  the  eccentric  a  little  more  than  90^  in  advance 
of  the  crank,  as  shown  in  Fig.  198,  the  throw-line  a  of  the  eccentric  being 
placed  in  advance  of  a  line  b,  at  right  angles  to  the  centre-line  of  the 
crank  c,  the  arrow  denoting  the  direction  in  which  the  engine  is  to  run. 

Tho  Kadiiis  of  the  Ecoontrio  is  equal  to  one-half  the  travel  of  the 
valve. 

The  angular  advance  of  the  eccentric  e,  may  be  found  approximately  by 
this  Rule : — 

outside  lap + outside  lead 


Fig.  197. — Section  of  cylinder-ports  and 
slide-valve. 


Sin  e= 


half-travel  of  the  valve. 


Tho  Anglo  of  Advaaco  of  tho  Sccontrio  is  the  value  of  e,  found  by 
the  last  rule,  added  to  90^. 
The  positions  of  the  eccentrics  on  the  crank-axle  of  a  locomotive  engine 


Txfi.  198.— Crank  and  eooentriCi 


Fig.  T99. — Locomotive  crank-axle  and  eccentrio.. 


are  shown  in  Fig.  199,  in  which  the  angular  advance  of  each  eccentric  is 
clearly  shown.  The  eccentric  is  made  in  halves,  united  upon  the  axle 
by  bolts :  there  are  two  eccentrics  to  each  cylinder — the  forward  and  the 
backward. 
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Befloieut  uid  ExoeasiYe  Z>ead  of  tlio  VkIto. — If  the  lead  of  the 
valve  is  deficient  or  altogether  wanting,  the  maximum  pressure  of  the  steam 
in  the  cylinder  is  not  attained  until  after  a  portion  of  the  stroke  is  traversed 
by  the  piston.  When  ihe  lead  of  the  valve  is  excessive,  the  steam  is  admitted 
so  readily  as  to  be  momentarily  compressed  and  to  cause  in  some  cases  an 
unfavourable  pulsatory  action  of  the  steam.  The  total  absence  of  lead  of 
the  valve  likewise  occasions  an  unsteady  pulsatory  action  of  steam  in  the 
cylinder,  as  steam  can  neither  enter  nor  leave  the  cylinder  when  the  crank 
is  on  its  dead  centres.  High-speed  engines  require  more  lead  than  engines 
of  moderate  speed. 

ComprsMioii  of  Steam  or  OoBUoikiiif ,  by  giving  the  valve  the  proper 
amount  of  lead,  and  by  closing  the  exhaust  port  a  little  before  the  termina- 
tion of  the  return  stroke,  enables  the  momentum  of  the  piston  to  be  efficiently 
balanced,  and  the  play  of  the  bushes  or  bearings  to  be  taken  up,  by  which 
means  thumping  and  hot  bearings  are  prevented.  The  compressed  steam 
saves  steam  which  would  otherwise  be  wasted  in  filling  the  clearance  and 
waste-room  in  ports  and  passages.  The  rise  in  temperature  of  the  com- 
pressed steam  re-evaporates  any  water  condensed  on  the  surfaces  of  the 
metal,  and  sufficient  steam  may  be  locked  in  the  cylinder  to  raise  the 
pressure  at  the  end  of  the  stroke  to  nearly  that  of  the  steam  entering  from 
the  steam-chest.  Excessive  compression  pulls  up,  or  retards  the  working 
of,  the  engine,  and  deficient  compression  leads  to  sudden  shocks  on  the 
admission  of  steam,  and  irregularity  in  the  working  of  the  engine. 

Lap  of  a  Valva  is  the  amount  the  valve  extends  beyond  the  edges  of 
each  of  the  sleam-porls,  when  the  valve  is  in  the  position  of  half- 
travel,  as  shown  in  Fig.  2cx),  and  its  effect  is  to  cut  off  the  supply  of 
steam  when  the  piston  has  only  travelled  a  portion  of  its  stroke,  the 
remainder  of  the  stroke  being  performed  by  the  expansive  force  of  the 


n 

f) 
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Fig.  xn.— Diignim  Ehowiofi 
Kij,  jgo.— Section  of  cylinder-ports  and  slide-vilw.  lap  of  >lwi-™l«. 

Steam  shut  into  the  cylinder  until  the  valve  opens  for  exhaust.  If  the  valve 
opens  the  exhaust-port  too  soon,  the  steam  is  released  before  it  is  fully 
expanded  and  deprived  of  its  force,  and  if  the  valve  opens  the  exhaust-port 
loo  late,  it  will  cause  back -pressure,  and  the  engine  will  not  run  smoothly. 
High-speed  engines  require  large  measures  of  expansion,  and  an  early 
release  of  the  steam,  to  prevent  back-pressure. 

The  Lap  of  tli«  Valva  and  opening  of  the  steam-port  may  be  ascer- 
tained approximately  by  drawing  a  diagram  like  Fif;.  zoi,  in  which  a  b  is 
the  position  of  the  crank,  at  the  begioniog  of  the  stroke.    The  circle  repre- 
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sents  ihe  path  of  the  centre  of  the  eccentric,  which  moves  the  slide-valve. 
The  diameter  b  d  is  the  whole  travel  of  Ihe  valve,  c  is  the  point  which  the 
centre  of  the  eccentric  occupies  when  the  piston  is  at  the  end  of  the  stroke. 
Draw  the  line  e  perpendicular  to  b  d  from  the  point  c.  Then,  neglecting- 
the  obliquity  of  the  eccentric-rod, 

A  E  =  the  lap  of  the  valve. 

E  D  =  the  opening  of  the  steam-port. 


Table  84.— Lap  of  V;i 

LVE    R 

EQUIRI 

Ste»» 

VARIOUS   GRADES  OF  EXPANSION 

Distance  of  the  pis-  . 
ton  from  the  ter- 
mination   of    its 
stroke,  in  parts  of  1 
the  length  of  Its 
stroke.                  J 

A 

A 

or 

i 

A 



A 

J 



A 
A 

iV 

Lap  on  the  steam  1 
side  of  the  valve, 
in  parts   of    the  \ 
length     of     the 
stroke     of     the 
valve.                   J 

■289 

■270 

■'S" 

•2J8 

■204 

•177 

■144 

■103 

Tlis  £ftp)  Lead,  utd  Travel  of  LoGomotiTe-Ei^iiie  Slide-valTea, 
md  Bixe  of  Porta,  are  frequently  as  follows  :— 


Lap  of  slide-valve,  either  , 
Lead  of  slide-valve,  either 
Maximum  travel,  either 
Steam-port,  either  ,  .  . 
Exhaust-port,  either  .  . 
Thickness  of  bridge  .  . 
Etihaiurt-Iap  or  inside-lap  is  the  amount  which  the  inside  edge  of  ihe 


I  inch,  I  inch,  or  Ig  inch. 
■jJrf  inch,  ^  inch,  or  -^  inch. 
3J  in.,  4  in.,  4J  in.,  or  5  in. 
15  X  ij  in.,  or  15  x  |i  in. 
15  X  3  in.,  or  15  x  3i  in. 


!!(.  M9.— Stide.vdvc  with  exhaast-lsp. 

slide-valve  covers  or  overlaps  the  sieam-port  when  the  valve  is  at  half-stroke, 
as  shown  in  Fig,  202.  Its  effect  is  to  delay  the  release  of  the  sleam  or 
period  of  exhaust,  and  to  increase  the  amount  of  cushioning;  it  is  some- 
timea  applied  to  the  slide-valves  of  quick- speed  engines. 
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fig.  003. — Slide-valve  with  negative  lapL 


Negative  Ezhaiisi-lap,  or  inside  clearance,  is  the  amount  which  the 
inside  edge  of  the  valve  clears  the  edge  of  steam-port,  or  is  open  to  the 

exhaust  when  the  valve  is 
^^rf'''^z^^^2i^^%—y-\  at   half-stroke,  as   shown 

in  Fig.  203.  Its  effect  is 
to  hasten  the  release  of 
the  steam,  or  period  of 
exhaust,  and  to  decrease 
the  amount  of  cushioning. 
The  closixig  of  the 
Ezhaust-port  too  soon, 
is  followed  by  excessive 
compression  of  the  steam,  or  cushioning ;  if  it  be  closed  too  late,  it  is 
followed  by  back-pressure  and  deficient  cushioning. 

The  Point  of  Cnt-oif  is  the  position  of  the  piston  at  the  instant  the 
slide-valve  has  closed  the  steam-port,  and  cut  off  the  admission  of  steam  to 
the  cylinder.  The  most  economical  point  of  cut-off  is,  theoretically,  that 
which  would  leave  the  steam  at  the  instant  of  its  release  from  the  cylinder 
no  capacity  for  developing  further  power.  The  pressure  of  the  steam 
would  then  have  fallen  during  expansion  to  that  of  the  back-pressure,  and 
the  release  of  the  steam  would  take  place  when  the  final  pressure  equals 
one  atmosphere  in  a  non-condensing  engine,  and  when  it  equals  that  of  the 
condenser  in  a  condensing-engine.  In  such  cases  the  ratio  of  expansion  is 
equal  to  the  pressure  of  the  steam  on  its  admission  to  the  cylinder,  divided 
by  the  back-pressure,  according  to  Marriolte's  law  of  expansion,  and  the 
initial  pressure  multiplied  by  the  initial  volume  will  equal  the  final  pressure 
multiplied  by  the  final  volume. 

A^j  initial  pressure      final  volume  _^«^;^  ^(  ^ ^^„:^^ 

And-; — ;— *- =.—;,.,_ — . = ratio  of  expansion. 

final  pressure      initial  volume 

This  is  theoretically  the  best  adjustment  of  the  point  of  cut-off,  but  in 
practice  allowance  must  be  made  for  loss  of  power  by  radiation  of  heat, 
cooling  by  expansion,  and  for  friction,  which  necessitates  a  different  adjust- 
ment of  the  point  of  cut-off. 

The  Point  of  the  Strdce  at  which  the  Slide-valve  onts  off  the 
Steam  may  be  found  by  this  J^ule: — 

Point  of  cut-off  =  I  -  ('-JSPAi_y 

Vtravel  of  valve/ 

Example :  The  travel  of  a  slide-valve  is  6  inches,  the  lap  of  the  valve  is 
I J  inches,  at  what  part  of  the  stroke  will  the  slide-valve  cut  off  the  steam  ? 

Then  I  -  fLll^^y=:  .8265  of  the  stroke. 

The  Distance  of  the  Piston  from  the  end  of  the  Stroke  when 
the  Steam  is  cnt-off  may  be  found  by  this  Jiule : — 


TRICK  Slide-valve. 


Example :  The  travel  of  a  slide-valve  is  8  inches,  the  lap  is  ij  inch, 
the  lead  is  -^^  inch,  and  the  length  of  stroke  of  the  piston  is  40  inches. 
How  far  is  the  piston  from  the  end  oE  the  stroke  when  the  steam  is  cut  off? 


^J   X  40  inches  =  7-943  inches,  the  distance  ( 


V         8  inches 
the  piston  from  the  end  of  the  stroke  when  the  steam  is  cut  off. 

TIm  Travel  of  a  Slid«-TalTe  necessary  to  open  the  steam-port  its  full 
width,  is  equal  to  twice  the  sum  of  the  width  of  port  and  the  lap  of  the 
valve.  Thus,  for  a  steam-port  \\  inch  wide,  and  i  inch  lap  of  valve,  the 
travel  of  the  valve  will  be  I J  -)-  I  X  3  =  5  inches ;  and  if  the  length  of  port 
he  16  inches,  the  greatest  area  the  valve  is  open  for  steam  is  16  x  ij  =  24 
square  inches. 

Tlifl  area  of  Opaaing  giTsn  by  a  Slide-TalT*  for  the  admission  of 
steam  when  the  travel  of  the  valve  is  not  sufficient  to  open  the  steam-port 
its  full  width,  may  be  found  by  this  Rule:  Deduct  the  lap  from  one-half  the 
travel  of  the  valve,  which  will  give  the  width  the  steam-port  is  opened  by 
the  valve,  multiply  by  the  length  of  the  port,  and  the  product  wili  be  the 
area  of  the  opening. 

Example :  The  steam-port  of  a  cylinder  is  34  inches  long  and  3^  inches 
wide;  the  lap  of  the  valve  is  i|  inch,  the  travel  of  the  valve  is  6 J  inches  : 
What  is  the  greatest  area  of  opening  given  by  the  valve  for  the  admission 
of  steam  ? 

Then  6|  -«-  2  =  3I  inches,  one-half  the  travel  of  the  valve,  sf  —  if  = 
i|  inches,  the  width  the  valve  opens,  and  175  x  34  inches  =  43  square 
inches,  the  area  of  the  opening  given  by  the  valve  for  the  admission  of 
steam. 

A  Trick  Slide-TalT«,  shown  in  Figs.  204  and  305,  is  a  valve  with  a 


F>Bf~  3ii4anil»j,— SectioDiof atnck-vulTC. 

steam-passage  through  it,  the  steam  being  admitted  from  both  ends  of  the 
steam-chest  into  the  same  port.  By  this  means  a  large  opening  for  the 
admission  of  steam  is  obtained  with  a.  small  travel  of  the  valve, 

A  Donble-portod  BUde-TalT«  admits  steam  to  the  cylinder  through  two 
Steam-ports  at  each  end  of  the  valve -sea  ting,  as  shown  in  Fig.  206,  thus 
enabling  the  same  quantity  of  steam  to  be  admitted  to  the  cylinder  with 
one-half  less  travel  of  the  valve  than  that  required  for  an  ordinary  valve 
and  a  single  port  at  each  end  of  the  valve -seating.  This  form  of  valve  is 
adapted  for  large  engines,  and  is  largely  used  for  marine  engines. 

A  Oridirou  Sxpaniioii-valvc  has  a  number  of  bars  which  slide  over 
conesponding  openings  in  the  valve-face,  as  shown  in  Fig.  307,  a  large 
area  01  opening  for  the  admission  of  steam  being  obtained  by  this  arrange- 
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ment  from  a  small  travel  of  the  valve.    The  travel  of  the  valve  is  regulated 
by  a  link  attached  to  the 
valve -spindle,   worked    by 
1  an  eccentric  from  the  crank- 
'  shaft  as  shown ;  the  travel 
of  the  valve  being  altered 
by  moving  the  block  in  the 
,  link  up  or  down,  by  which 
1  means  the  point  of  cut-off 
may  be  varied  as  required. 
This  form  of  valve  is  usually 
'  employed    when    the    ex- 
Fig.  jo6.-Doubie-pon«d iiiikvid™,  pansion-valve  is  required  to 
work    on  an    independent 
face,  and  it  is  also  sometimes  arranged  to  work  on  the  back  of  a  main 
slide-valve. 
A  Mp«r»t«  EspMtaion-TalT*  works  separately  from,  and  is  indepen- 
dent  of,    the    m^n 
slide-valve.  It  is  used 
in    cases   where    an 
earlier  cut-off  of  steam 
is  required  than  can 
be  obtained   by  lap 
on  the  ordinary  slide- 
valve,  or  where  va- 
riable   expansion    is 
required.  It  is  worked 
by   an    independent 
eccentric    and    rod, 
and  the  cut-off  can 
be   arranged  to  suit 
any  required  pwtion 
of  the  stroke  of  the 
piston. 

A  variable  expan- 
sion-valve working  on 
the  back  of  a  main 
slide-valve  is  shown 
in  Fig.  2o8,  in  which 
the  cut-off  plates  are 
placed  upon  a  spindle 
having  a  right-  and 
left-hand  screw,  by 
which  their  position 
on  the  back  of  the 
main  slide-valve  can 
be  adjusted  to  re- 
gulate  the   point   of 

Fig.  a,S.-<:yliiiil«  with  separate  cxpuuion-valTb  CUt-off    at    any    poInt 

of  the  stroke  of  the 
piston.  An  expansion-valve  prevents  the  expeditious  starting  or  reversing 
of  an  engine. 
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An  Expuiaion-TalT«  witkaflxed  Oot-off  is  shown  in  Fi^.  209,  This 
arrangement  gives  2.  fixed  rate  of  expansion,  and  only  one  cut-ofE  plate  is 
required,  which  works  upon  the  back  of  the  main  slide-valve  as  shown. 


Fig.  ao^ — ExpuBk»<VBlvB  wilh  a  fixed  cul-off' 

The  action  of  cut-off  plate  can  be  reflated  by  altering  the  position  of  the 
eccentric  on  the  shaft. 

TI16  Principkl  Point*  in  tli*  Xotion  of  »  SluU-TftlT*  are  four  in 
number,  viz. ; — 

Tie  Admission  of  Sleam  for  a  certain  penod. 

The  Cul-off  in  the  supply  of  steam  to  allow  the  steam  already  in  the 
cylinder  to  propel  the  piston  by  iis  expansive  force. 

The  Reliase  of  steam  or  opening  to  the  exhaust. 

The  Compression  of  steam,  or  closing  of  the  exhaust  before  the  end  of 
the  stroke  to  cushion  the  steam  behind  the  piston. 

Tlie  Xotion  of  the  Slidfl-valve  may  be  illustrated  by  a  diagram*  of 
the  slide-valve  shown  in  Fig.  zio. 

To  find  Um  Position  of  tli*  Ecoentrlot  tlia  Points  of  Admission, 
Cnt-ofT,  release  and  compression :  the  travel  of  the  valve,  its  lap,  and 
lead  being  given. 

Draw  the  centre-line  A  6,  in  Fig.  210;  from  the  point  0  describe  a 
cbcle  equal  in  diameter  to  the  travel  of  the  valve ;  from  the  centre  O 
mark  the  lap  C  and  the  lead  D ;  at  D  erect  a  line  E,  perpendicular  to 
A  B,  cutting  the  circle  at  F;  join  O  F,  and  on  this  line  draw  a  circle 
cutting  the  points  F  O.  Draw  a  circle  from  O  of  a  radius  equal  to  the 
1^  of  the  valve;  draw  a  line  from  O  through  the  point  of  intersection 
of  the  two  circles  at  G  to  the  point  H  in  the  large  circle.  Draw  a  line  from 
O  to  K,  which  will  represent  the  position  of  the  crank,  when  the  valve  begins 
to  open  the  port  to  admit  steam.  Then  O  H  is  the  position  of  the  cut-off, 
and  the  points  of  admission,  release  and  compression  are  as  shown. 
The  position  of  the  eccentric  is  not  actually  at  O  F.,  when  the  engine  is 
running,  as  shown  by  the  direction  of  the  arrow,  but  is  at  an  equal  angular 
advance  on  the  other  side  of  the  vertical  centre-line,  at  the  point  I.  The 
shaded  portion  of  the  diagram  F  J  represents  the  amount  of  opening  of  the 
port  from  the  point  of  the  admission  of  the  steam  to  the  point  of  cut-off. 
An  indicator  diagram  similar  to  that  which  this  valve  would  produce  is 


392  THE  PRACTICAL  ENGINEER'S  HAND-BOOK. 


nEt.» 


— IHigrunof  >>&d»^a]n. 


shown  imderaeatb  the  valve-diagram  in  Fig.  zii,  the  points  of  admis^on, 
Cut<oS,  release,  and  compression  being 
projected  from  the  valve  diagram. 

To  Find  tlw  L«>p  of  tlie  T«lv«  and 

tlis   Position  of  tlw  Eeoantxic:  the 

travel  of  the  valve,  the  point  of  cut-off  and 

the  lead  being  given, 

J       Draw  the   centre-line   A   B,   Fig.    212, 

nu  and  from  the  point  O  describe  a  circle 

equal  in  diameter  to  the  travel  of  the  valve ; 

from  B  mark  the  leadL;  mark  the  point  of 

cut-off  C ;  bisect  the  angle  between  L  and 

C  by  line  O  D,  on  which  draw  a  circle 

cutting  the  points  0  D,  join  C  L.    Then 

Fig.«»-DiapaDuiBwiniiapofviire    O  E  IS  the  amount  of  lap  of  the  valve  re- 

«idpo>««»<rf  ««ntna  q^.^gj_  J.  p  .g  ,1,^  lap-circle,  and  A  O  D 

is  the  angle  between  the  crank  and  the  eccentric  which  will  give  the 

required  cut-off. 


DIAGRAM  OF  AN  EXPANSION  SLIDE-VALVE. 
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Tlie  Xotion  of  an  Expansion  SUde-Talvo  working  on  the  back  of 
a  main  slide-valve,  having  two  cut-off  plates  adjustable  by  a  right-hand 
and  left-hand  screw,  for  cutting  off  the  steam  at  any  required  portion  of  the 
Stroke,  as  shown  in  Fig.  213,  may  be  illustrated  by  the  following  diagram. 
Fig.  214. 

Diagram  of  an  Expansion  81id«-TalTt  working  on  the  back  of  a. 
mdn  slide-valve  as  shown  in  Fig.  213. 


Fig.  ii}.— EiptD^on  5lide-v*]v«,  urtlh  vuubk  cul-oK 

From  the  point  O  on  the  line  A  H  in  Fig.  214,  describe  a  circle  equal 
in  diameter  to  the  travel  of  the  main  slide-valve,  on  the  centre  line  of  which 
at  the  point  A  describe  a  small  circle  equal  in  radius  to  (he  lead  of  the 
main  slide-valve.  Let  the  line  A  O  be  the  position  of  the  crank  when  on 
its  dead  centre,  and  the  line  O  B  its  position  at  the  point  where  the  steam 


is  cut  off  by  the  main  slide-valve.  Draw  the  line  C  from  B  to  D,  and 
join  0  D,  the  line  0  D  will  represent  the  position  of  the  crank  when  the 
main  slide-valve  is  on  the  point  of  admission  of  the  steam  to  the  cylinder. 
Bisect  the  arc  A  B  at  E  and  join  E  O,  then  the  angle  E  O  F  =  G,  and  the 
centre  line  of  the  throw  of  the  eccentric  of  the  main  valve  will  have  an 
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angular  advance  of  ihe  crank  equal  to  H  0  E  or  =  90°  +  G.  At  the 
centre  of  the  line  O  E  describe  a  circle  equal  in  diameter  to  one-half 
the  travel  of  the  valve,  which  will  intersect  the  lines  0  D  at  I,  and  the  line 
O  B  at  J,  and  it  will  touch  the  line  C  at  K.  O  I  and  0  J  will  equal  O  K, 
which  will  represent  the  amount  of  lap  on  the  steam  side  of  the  valve 
required  to  cut  off  the  steam  when  the  crank  is  in  the  position  OB.  A 
circle  drawn  from  the  point  O  will  intersect  the  points  I  J  K,  which  is 
called  the  lap-circle.  To  show  the  travel  of  the  valve,  suppose  a  radial 
arm  or  line  to  revolve  round  the  centre  O,  then  the  amount  of  the  travel  of 
the  valve  from  its  middle  position  will  equal  the  length  of  the  radial  line 
contained  in  the  circle  described  on  E  O.  For  instance,  if  the  crank 
moves  from  A  to  M  the  valve  will  move  from  its  middle  position  a  distance 
equal  to  the  length  intercepted  O  N,  part  of  this  length  O  P  lies  within  the 
lap-circle,  and  the  remainder  or  length  N  P  represents  the  width  of  opening 
of  the  steam-port  when  the  crank  is  in  the  position  0  M.  When  the  crank 
b  in  the  position  O  E  the  port  is  wide  open,  when  it  is  at  F  it  is  closed  to 
the  extent  of  F  Q,  and  when  it  is  at  O  B  the  valve  is  closed  and  the  steam 
is  cut  off. 

Xhe  Cut-off  TalT«  is  moved  by  an  eccentric  similar  to  the  main  slide, 
and  in  considering  its  action,  the  mi^n  slide  may  be 
supposed  to  be  stationary,  and  the  cut-oS  valve  only 
movable. 

To  find  the  travel  and  angular  advance  of  the  cut-off 
eccentric,  and  the  position  of  the  cut-off  plates  or  length 
Lin  Fig.  315. 

On  the  centre-line  O  B  in  Fig.  114  describe  a  circle 
equal  in  diameter  to  one-half  the  travel  of  the  main 
slide-valve.  Draw  from  E  the  line  E  A  parallel  to  0  B, 
join  £  B  and  draw  from  O  (he  line  O  A  parallel  to  £  B 
intersecting  the  line  E  A  at  A.  Then  O  A  represents  in 
position  and  length  the  radius  of  !he  eccentricity  of  the 
eccentric  for  the  cut-off  slide-valve,  and  the  centre  line 
O  A  of  the  cut-off  eccentric  leads  that  of  the  main 
^■^ate'of  «^!^n  eccentric  O  £  by  the  angle  £  O  A,  On  the  line  O  A  as 
siidi-ndvt  a  diameter  describe  a  drcle  cutting  the  points  O  A  as 

shown,  which  will  be  the  cut-off-valve  circle,  round  the 
centre  of  which  a  revolving  arm  or  line  will  show  the  travel  of  the  valve 
from  its  middle  position.  Thus  at  the  position  O  E  of  the  crank,  the  cut- 
off plate  has  moved  from  its  middle  position  a  distance  =  O  R.  The 
distance  L  of  the  cut-off-plates  from  the  middle  position,  as  shown  in 
Fig.  215,  will  be  equal  to  the  distance  E  K  in  Fig.  214,  if  it  were  required 
to  cut  off  the  steam  at  the  position  O  E  of  the  crank. 

Tlie  Friotioii  of  a  BUda-VRlve  is  very  considerable,  owing  to  the  pres- 
sure of  the  steam  acting  on  the  back  of  the  valve.  Tfie  force  required  to 
move  a  slide-valve  has,  in  some  eases,  been  found  to  equal  from  Jth  to  Jrd 
the  total  pressure  on  the  valve. 

TIi«  Friotiou  ti  a  Slide-Talvs  may  1m  T«dncad  by  reducing  the 
area  of  the  back  of  the  valve  exposed  to  the  pressure  of  the  steam  in  the 
steam-chest,  by  means  of  ait  equiUbrating-Ttng  recessed  into  the  cover  of 
the  steam-chest,  having  springs  adjustable  by  set-screws,  as  shown  in 


SLIDE-VALVE  RELIEF -FRAMES. 


295 


Tig.  ii6-  The  back  of  the  valve  works  steam-tight  against  the  riflg,  and 
the  space  inside  the  ring  is  connected  by  a  pipe  to  the  condenser,  so  that  a 
vacuum  is  maintained  within  the  ring,  and  the  pressure  is  considerably 
relieved  from  the  back  of  the  valve.  The  springs  on  the  back  of  the  valve 
permit  the  valve  to  leave  its  seat  to  allow  the  escape  of  water  from  the 
cylinder,  in  case  of  priming.  The  area  of  the  equilibrating-ring  is  generally 
made  equal  to  the  area  of  the  exhaust-porL 

A  Koluf-Frams,  shown  in  Fig.  217,  is  another  method  of  relieving 
the  pressure  of  the  steam  from  the  back  of  the  valve,  in  order  to  reduce 
the  friction.  It  consists  of  a  cast-iron  frame,  attached  to  the  back  of  the 
valve  by  means  of  a  spring-steei  diaphragm-plate;  the  space  within  the 


laig  go  ibc  tack  or  a  ilide-viln. 


FiK.  »7.— Dne'i  slide-nlve  nlief-ftuu. 


frame  at  the  back  of  the  valve  is  connected  by  a  pipe  to  the  condenser,  so 
that  a  vacuum  is  maintained  within  the  frame,  and  the  pressure  on  the 
back  of  the  valve  is  reduced ;  the  elastic  diaphragm  compensates  for  the 
wear  of  the  rubbing  surfaces. 

Tlw  Kttlief-Ftanift  is  frequently  placed  on  the  steam-chest  cover,  as 
shown  in  Fig.  218,  instead  of  on  the  back  of  the  slide-valve.    The  frame 


Fig.  aiS.— Slide-vdve  relicf-CraiK. 

is  pressed  against  the  back  of  (he  valve  by  a  spring-steel  diaphragm,  the 
back  of  the  valve  working  steam-tight  against  the  frame.  An  enlarged  view 
of  a  similar  arrangement  attached  to  a  door  in  the  cover  of  the  valve-cheat 
is  shown  in  Fig,  319. 
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A  01id«-TalT«  B«lief-nnun«  of  another  kind  is  shown  in  Fig.  220. 
The  valve  has  a  circular  spigot  cast  on  the  back,  fitted  with  rings  like  a 


Rg.  119,— Slide-olv*  relitflnBie  dii  iteun-chsl  cover. 

piston  to  keep  it  steam-tight,  which  fits  into  a  socket  attached  hy  a  spring, 
in  the  fonn  of  a  cross,  to  the  back  of  the  slide-valve.  The  spring  presses  the 
socket  against  the  steam-chest  cover, 
and  the  steam  -  pressure  is  partly 
relieved  from  the  back  of  the  valve, 
which  is  thereby  nearly  balanced. 

As  devices  of  this  kind  are  never 
perfect,  slide-valves  are  never  per- 
fectly balanced,  but  are  only  relieved 
of  the  greater  portion  of  the  pressure 
of  the  steam  on  their  backs, 

A   Balanced   EOida  -  Valvs    of 
another  kind  is  shown  in  Fig.  221. 
It  consists  of  a  relief-ring  fitted  into 
F-g.  »x^si.dcvji«  »w.f«m.  o»  i*ck  of       ^  ^^^^,  ^^,1;^^^^  attached  to  the  cover 
of  the  valve-chest.    The  flange  out- 
side the  relief-ring  forms  the  bottom  of  the  recess  B,  which  is  packed  with 
gasket,  pressed  down  a  junk-ring  by  means  of  ihe  screws  C,  which  pass 


Fig.  «i. — Clupindc'i  boIaDCcd  sllde-vilvs. 

through  stuffing-boxes  in  (he  cover  of  the  valve-chest,  so  that  they  can 
be  tightened  when  the  engine  is  working.    The  balancing  space  D,  or 
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that  to  which  steam  cannot  get  access,  is  placed  in  communication  with  the 
atmosphere  by  a  small  cock.  The  valve  is  kept  to  its  seat  by  the  spring  E, 
the  tension  of  which  can  be  regulated  by  the  screw  F,  which  passes  through 
a  stuffing-box  G,  on  the  lid  H. 

A  Btdauoed  Slide-TalTO,  applied  to  a  locomotive  engine,  is  shown  in 
Figs.  222  and  223.    The  shde-valve  is  attached  by  a  link  to  a  balance- 


's Jippljed  to 


piston  fitted  with  piston-rings  to  make  it  steam-tight,  and  a  pipe  is  fixed  to 
the  balance-cylinder  to  carry  off  any  steam  which  may  escape  past  the 
piston. 

A  BalMiOttd  SlidA-TftlTe  of  another  kind,  for  locomotive  engines,  is 
shown  in  Figs.  224  and  225.    It  consists  of  a  rectangular  frame,  formed  of 


Fig.  134.— DelMHWy'i  li»l»nctd  sliil«-T»]vt 


Strips  of  metal  J  inch  square,  fitted  into  grooves  in  the  back  of  the  valve ; 
the  strips  are  halved  on  to  each  other  at  the  corners,  and  rest  on  springs 
fixed  to  the  bottom  of  the  grooves.    A  crown-plate,  forming  the  lop  of  the 
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valve,  rests  on  the  top  of  the  strips.  The  crown-plate  works  against  an 
adjustable  frame  fised  in  the  sleam-chcsi;  the  frame  rests  on  feet  at  its  foiu 
comers,  therefore  the  steam-pressure  on  its  top  does  not  affect  the  slide- 
valve.  The  small  holes  through  the  top  of  the  slide-valve,  shown  in  Fig. 
jj;,  are  10  allow  any  leakage  of  steam  past  the  strips  to  escape  to  the 
exhaust  cavity  of  the  valve. 

Th»  Aix  or  IMiaf- Valve  shown  on  the  steam-chest  in  Fig.  324  is 
shown  in  enlarged  views  in  Figs.  3z6  and  227.     It  opens  inwards,  and 


ftf.  »B.— BilwiMd  ^da-nlv«  of*  gwriM 

admits  the  atmosphere  when  a  vacuum  is  formed  in  the  steam-chest,  as  it 
is  found  that,  when  the  regulator  is  closed  to  shut  off  the  steam,  dust  and 
ashes  are  liable  to  he  sucked  down  the  exhaust-pipe  and  are  likely  to  cut 
the  face  of  the  slide-valve. 

Tits  Slids-ValTei  of  Vortloal  ZnginM  are  usually  balanced  by  a 
piston  fixed  on  the  lop  of  the  valve- spindle,  working  in  a  small  cylinder  on  the 
top  of  the  steam-chest,  as  shown  in  Fig.  128,  to  which  steam  is  supplied  from 
the  steam-chest ;  the  pressure  of  the  steam  on  the  balance-piston  balances 
the  valve,  the  area  of  the  balance-cylinder  being  arranged  to  suit  the  weight 
of  the  slide-valve,  rods,  and  gear. 

Tlw  Strain  on  a  Talve-Spuidle  in  moving  a  SUda-Talvo  depends 
upon  the  force  with  which  the  valve  is  pressed  against  the  face  of  the  cylinder 
by  the  steam  in  the  steam-chest.  This  force  is  equal  to  Che  product  of  the 
pressure  of  the  steam  by  the  area  of  the  back  of  ttie  valve  exposed  to  the 
pressure  of  the  steam. 
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Example:  The  size  of  the  back  of  the  valve  exposed  to  the  pressure  of 
Steam  of  60  !bs.  per  square  inch,  is  11  inches  by  16  inches.  Required  the 
strain  on  the  valve-spindle  due  to  the  pressure  of  steam  on  the  back  of  the 
valve. 

Then  11  x  16=176  square  inches,  the  area  of  ihe  back  of  valve,  and  60 
X  176=10560  lbs.,  the  total  pressure  on  the  back  of  the  valve.  Taking  the 
frictional  resistance  at  loper  cent,  of  the  pressure,  it  will  give  "^5  o  x  'O-^ 

1056  lbs.  frictional  resistance,  or  strain  on  the  valve- spindle. 
Where  the  friction  due  to  either  a  large  size  of  slide-valve,  or  to  a  high 
pressure  of  steam  upon  it,  would  be 
great,  it  is  better  to  adopt  a  piston-valve, 
instead  of  a  sUde-vaive  with  a  relief- 
frame. 

Piston-TslTes  work  in  equilibrium, 
as  the  pressure  of  steam  cannot  force 
the  valves  against  the  sides  of  the  casing 

Fig.  130.  Fii.  iji. 

VAVA 


ad  cylindcr-pm^ 


in  which  they  work.    A  piston-valve 
consists  of  a  spindle  or  socket  having 
a  piston  at  each  end  ;  steam  is  admitted 
from  Ihe  outside  of  the  valve,  and  it 
exhausts  into  the  space  between  the 
pistons.     Small  piston-valves  are  fixed 
on  a  solid  spindle,  and  the  ends  of  Ihe 
ng.  119.— KMon-niveofaiMrine-cDEine.      valve-chest  are  Connected   by  a  pipe, 
as  shown  in  Fig.  229.    Large  piston- 
valves  are  attached  to  a  hollow   socket,   through  which  the  steam  can 
pass  from  end  to  end  of  the  valve-chest.     The  pistons  are  fitted  with 
rings    of    cast-iron    or    gun-metal,    like    an    ordinary   piston;    a   simple 
arrangement  of  rings  is  shown  in  Fig.  230,  in  which  there  is  one  outside 
ring  and  one  inside  spring-ring  of  cast-iron.    The  rings  are  prevented  from 
springing  into  the  ports  by  diagonal  bars  placed  across  the  ports,  as  shown 
in  Figs.  231  and  232.     The  diameter  of  a  pision-valve  is  frequently  made 
equal  to  one-half  the  diameter  of  the  steam-cylinder. 

Thorn's  Piaton-Tslve,  shown  in  Figs.  233 — 235,  differs  from  ordinary 
piston-valves  in  that  its  working  face  is  provided  with  a  passage  similar  to 
the  passage  in  a  trick-valve,  but  having  positive  and  negative  exhaust-lap  at 
the  top  and  bottom  of  the  cylinders,  so  that  the  negative  exhaust-lap  forms 
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a  communication  between  the  opposite  ends  of  the  cylinders  just  before 
exhausting  to  the  condenser,  and  so  that  steam  at  its  terminal  pressure  is 
transferred  from  one  side  of  the  cylinder-piston  to  the  other  through 
the  passage,  such  steam  being  then  compressed  neatly  up  to  the  initial 

Fig.  333.  Fig.  134. 


Figs.  ff33 — 333.— Thom's  pistcxi'Vilvcs  applied  to  a  niaTinc.«nginCp 

pressure  and  used  over  again  on  the  return  stroke  of  the  engine,  and  causing 
the  engines  at  the  same  lime  to  turn  the  centres,  especially  that  of  the  low- 
pressure  cylinder  of  compound  engines,  with  less  shock,  due  to  having 
steam  in  the  cylinder  to  compress. 

In  Fig.  233  ihe  valve  is  shown  in  the  position  in  which  a  communication 
is  formed  between  the  two  ends  of  the  cylinder  for  a  very  brief  period,  the 
result  being  that  a  portion  of  the  exhaust  steam  first  released  passes  to  the 
other  end  of  the  cylinder  and  assists  in  cushioning.  Fig,  234  shows  bow 
the  connecting-passage  also  serves  to  afford  a  double  inlet  for  the  steam,  in 
the  same  manner  as  in  the  trick-valve.  Fig.  235  is  a  section  through  the 
valve  at  A  B  in  Fig.  233. 
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D(m1>le-1>eftt  T«lv«i,  shown  in  Fig.  336,  work  nearly  in  equilibrium,  as 

the  pressure  of  the  steam  is  nearly  equal  on  both  the  inside  and  outside  of 

the  valve.    They  are  frequently  used  in  place 

of  slide-valves  in  low-speed  engines,  but  they 

are  difficult  to  keep  steam-tight  on  account  of 

the  unequal  expansion  of  the  valves  and  seatings. 
_  This  kind  of  valve  is  fully  open  when  it  is  lifted 
:  a  distance  equal  to  one-fouith  the  diameter  of  the 

valve.     Double-beat  valves  are  also  made  in  the 

form  of  two  mushroom -shaped  valves  of  diSerent 

diameters  attached  to  a  spindle.    If  D  be  the 

difference  of   the  areas  of   the  valve-seats  of 

,ucb  a  valve,  Iben,  "'"""  ""-j^""  ""  "'"   = 

the  pressure  on  the  valves  in  lbs.  per  square 
inch,  and  D  x  pressure  in  lbs.  per  square  inch 
=  the  load  in  lbs.  on  the  valve. 

Example .-  In  a  double-beat  valve  the  internal  diameters  of  the  two 
valve-seats  are  6  inches  and  4^  inches  respectively.  The  load  on  the  valve, 
including  the  weight  of  the  valve, 
is  108  lbs.  What  is  the  pressure 
on  the  valve  ?  Then,  the  dif- 
ference of  the  areas  of  the  valves  is 
(6»  -  4i»)  X  7854  =  1237 
square  inches,  and  108  -i-  1237 
=  873  lbs.  per  square  inch,  uie 
pressure  on  the  valve. 

Corlisi-ValTei,  shown  on  page 
409,  are  disc-shaped.  The  valve- 
gear  of  a  Corliss-engine,  having  a 
steam-jacketed  cylinder  20  inches 
diameter,  and  4  feet  length  of 
stroke,  is  shown  in  Fig.  237,  which 
exhibits  the  novel  feature  of  open- 
ing the  port  wide  during  the  first 
tenth  of  the  stroke,  and  keeping 
it  full  open  until  it  is  tripped. 
Thus,  for  all  grades  of  expansion 
beyond  and  including  one-tentb, 
there  can  be  no  wire-drawing  what- 
ever due  to  a  contracted  port. 
The  valve-gear  is  driven  by  a 
side-shaft  actuated  by  a  bevel 
wheel  on  the  crank-shaft.  On  this 
side-shaft   there   are   two    cams, 

one  for  each  steam-valve.  Onr  rig.  ■37.-c«iis  >^Eeu>r  Hick,  Huxmn* 
the  top  of  each  cam  there  rides  * 

an  arm  or  bracket  projecting  from  a  casting  which  carries  the  tripping- 
'  gear,  and  slides  upon  a  vertical  rod  connected  to  the  valve.  This  casting 
rises  and  falls  with  the  cam,  the  upward  motion  commencing  when  the 
engine  is  upon  the  centre,  and  being  completed  by  the  time  the  piston  has 
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finished  one-tenth  of  the  stroke.  There  is  then  a  "  dwell "  or  pause  due 
to  a  circular  portion  of  the  cam,  and  the  casting  remains  elevated 
until  it  is  again  lowered  by  the  cam.  But  in  the  meantime  the  trip- 
gear  comes  into  action,  and  breaking  the  connection  between  the  casting 
and  the  vertical  rod  upon  which  it  slides,  allows  the  valve  to  close 
with  the  suddenness  peculiar  to  the  Corliss  valve-gear.  The  tripping- 
motion  is  worked  by  an  eccentric  on  a  side-shaft  through  two  links  and 
a  rocking-lever.  It  consists  of  a  block  or  catch  on  the  vertical  rod,  a 
catch-lever  which  engages  with  this  block,  and  a  second  lever  which  trips 
the  first.  The  point  of  cut-off  is  determined  by  the  governor,  which  turns 
a  small  rocking-shaft  as  it  rises  and  falls.  The  rocking-lever,  referred  to 
above  as  forming  part  of  the  tripping-gear,  is  mounted  upon  this  shaft,  but 
not  directly,  an  eccentric-bush  being  first  keyed  upon  the  shaft.  The  result 
of  this  arrangement  is  that  when  the  governor  rises,  the  centre  of  the  lever  is 
moved  in  such  a  way  that  the  acting  end  of  the  tripping-lever  is  brought 
nearer  to  its  work,  and  comes  into  contact  with  its  companion-lever  sooner 
than  before,  cutting  off  the  steam  at  an  earlier  point.  The  vertical  rod  is 
connected  to  the  lever  of  the  steam-valve  by  a  block  working  in  a  slotted 
crosshead,  and  is  moved  to  close  the  valve  by  a  spring,  a  dash-pot  prevent- 
ing any  concussion.  The  exhaust-valves  are  also  worked  from  the  side- 
shaft  by  eccentrics. 

The  Motion  of  an  Sngina  may  he  revenwd  by  altering  the  position 
of  the  eccentric  on  the  crank-shaft.    This  may  be  effected  by  attaching  the 


Ftg.  938.— Revtrsing-plale  for  eccentric. 


eccentric  to  a  plate  fixed  on  the  crank-shaft,  as  shown  in  Fig.  238.  The 
eccentric  is  loose  on  the  shaft,  and  is  bolted  to  the  reversing-plate  with  a 
bolt,  sliding  in  a  slot,  thus  enabling  the  position  of  the  eccentric  to  be  shifted 
to  a  similar  position  on  the  opposite  side  of  the  crank,  thereby  reversing  the 
motion  of  the  engine.  This  arrangement  is  used  for  portable  and  other 
engines  which  only  required  to  be  occasionally  reversed.  It  necessitates 
stopping  the  engine  for  reversing,  and  it  is  not  so  convenient  as  a  link- 
motion. 

Idnk-motion  is  used  to  effect  the  reversal  of  the  motion  of  an  engine. 
A  link-motion  with  a  shifting  link  is  shown  in  Fig.  239.  The  crank  is 
shown  in  its  position  when  the  piston  is  at  the  end  of  tiie  stroke.    Two 
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eccentrics  are  keyed  on  the  crank-shaft,  the  top  one  being  the  forward 
ecceniTJc,  and  the  bottom  one  the  backward  eccentric.  The  bottom  of  the 
link  is  connected  to  a  lever,  by  means  of  which  the  link  is  moved  up  or 
down  as  required.    When  the  hnk  is  lowered  so  as  to  bring  the  forward 


eccentric-rod  in  line  with  the  valve-spindle,  the  motion  of  the  slide-valve 
is  governed  by  the  forward  eccentric,  and  the  engine  goes  forward.  On 
the  contrary,  when  the  link  is  raised  so  as  to  bring  the  backward  eccentric- 
rod  in  line  with  the  valve- spindle,  the  motion  of  the  slide-valve  is  governed 
by  the  backward  eccentric,  and  the  motion  of  the  engine  will  be  reversed. 
Only  one  eccentric  works  the  valve  at  a  time,  and  when  the  middle  of  the 
link  is  in  line  with  the  valve-spindle,  the  motion  of  neither  eccentric  is  com- 
municated to  the  slide-valve.  As  the  link  is  moved  from  the  central  position 
it  causes  more  and  more  steam  to  be  admitted  to  the  cylinder,  and  when  the 
link  is  shifted  to  bring  the  block  up  to  the  end  of  the  link,  full  steam  is 
admitted.  The  distance  between  the  centres  of  the  eccentric-rod-pins  of 
the  link  is  usually  about  three  times  the  maximum  travel  of  the  valve,  and 
the  radius  of  the  link  is  struck  from  the  centre  of  the  crank-shaft. 

Til*  Ezpansioii-Idiik  of  Locomotive  EaginM  is  generally  either 
supported  at  the  centre  as  shown  in  Fig.  340,  or  at  the  top  from  the  pin  of 


^g.  940. — Link-motion  c/  a  Locomotlve-CDgiH. 

the  forward  eccentric-rod,  as  shown  in  Fig.  141,  the  reversing  shaft  being 
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below  the  motion  and  behind  the  link.    The  usual  proportions  of  the  valve-* 
motion  of  locomotives  are  as  follows  : — 

Length  of  expansion-link  from  centre 

to  centre  of  pins  =17  inches. 
Thickness  of   expansion-link  =  2^ 

inches. 
Diameter  of  motion-pins  =  i|  or 

if  inch. 
Radius   of  expansion-link  =  4  feet, 

7  inches. 
Diameter   of   reversing-shaft  =   3^ 

inches  at  the  centre  and  3  inches 

at  the  bearings. 
Length  of  eccentric  rod  =  4  feet, 

7  inches,  centres. 
Diameter  of  eccentric-sheaves  =16 

inches. 
Widthof  eccentric-sheaves=2|inches. 


Fig.  24X.— Link-motion  of  a  locomotive-engine. 


Throw  of  eccentrics  =  6|  inches. 

Angle  of  forward  eccentric  =  103^°. 

Angle  of  backward  eccentric  =  104°. 

Lead  of  slide-valve  =  -^  inch  back  and  ^  inch  front. 

Lap  of  slide-valve  =  i  inch. 

Travel  of  slide-valve  =  4^^  inches. 

The  Stationary  Szpamdon-Link,  shown  in  Fig.  242,  is  another  form 
of  link-motion :  the  link  is  supported  in  a  fixed  position  as  shown,  the 
changing  of  the  gear  being  effected  by  moving  up  and  down  the  expansion- 


Fig.  249. — Link-motion  with  stationary-link. 


link  a  radius-rod  connected  to  the  sliding  block  at  one  end  and  to  the  valve- 
spindle  at  the  other  end.  The  curvature  of  the  expansion-link  is  in  the 
reverse  direction  to  the  shifting  expansion-link  previously  described,  to  adapt 
it  to  the  radial  movement  of  the  radius-rod  of  the  valve-spindle ;  the  radius- 
rod  of  the  valve-spindle  is  supported  and  moved  by  levers  on  the  reversing 
shaft  in  front  of  the  expansion-link. 

The  Straight  Ezpansion-LiiLk,  shown  on  Fig.  243,  has  parallel  instead 
of  curved  sides,  and  is  something  like  a  combination  of  the  shifting-link 
and  the  stationary  link.  The  link  and  the  radius-rod,  connecting  the  link- 
block  and  the  valve-spindle,  are  supported  by  links  connected  to  the  ends 
of  arms  of  imequal  length  on  the  reversing-shaft  as  shown.    The  expan- 
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Sion-link  and  the  radius-rod  are  shifted  in  opposite  directions,  one  being 
moved  upwards  and  the  other  downwards,  by  one  movement  of  the  revers- 


Fig.  S44.— ^xpansioO'Unk  of  &  marine'eafine. 


Fig.  343. — link'iiiotion  with  straight  link. 

ing  shaft.  The  advantage  of  this  form  of  link-motion  is,  that  by  moving 
two  pieces  of  the  link-motion,  the  reversing  of  the  engine  may  be  effected 
with  only  one-half  the  vertical 
movement  necessary  when 
the  movement  is  applied  to 
only  one  of  the  pieces,  as  in 
the  case  of  the  ordinary  link- 
motion  shown  in  Fig.  239. 

of 
when  a 
single  link  is  used,  are  gene- 
rally provided  with  adjustable 
bushes,  as  shown  in  Fig.  244, 
and  the  sliding  block  is  also 
bushed,  to  facilitate  repairs. 
Expansion-links  of  marine- 
engines  are  frequently  made 
double,  as  shown  in  Fig.  245. 
The  sliding-block  moves  be- 
tween two  radius-links;  the 
ends  of  the  eccentric-rods 
are  forked  to  span  the  link  ; 
and  all  the  bearings  are  pro- 
vided with  adjustable  bushes. 
Iiinlring-'ap  means  alter- 
ing the  working  position  of 
the  link,  whereby  the  point  of 
cut-off  is  altered  and  the  steam  is  worked  expansively.  When  the  position 
of  the  link-block  is  moved  from  the  extremity  towards  the  centre  or 
dead-point  of  the  link,  the  travel  of  the  valve  is  shortened,  and  it  is  equiva- 
lent to  diminishing  the  throw  of  the  eccentric  and  increasing  its  angular 
position,  so  that  the  points  of  lead  and  cut-off  are  earlier. 


fig.  345.— Ezpftnaon-Iink  of  a  marine-engme. 
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Booantrlm  and  Eoo«iitrle-Ptnpi  for  worldi^  tli*  SUda-VnlT*  of 
a  LooomvUTi  Engine,  by  meaos  of  the  link-motion  previously  described, 
are  shown  in  Figs.  346  and  347.    The  eccentric-sheaves  aie  made  in  two 


TlgLa^ioA  t47'—E'xtBina  tad  eccentric-ilnpi  of  a  loeomaCrre-eDKiiic. 

pieces  let  into  each  other  and  bolted  together  as  shown ;  the  larger  piece  of 
the  sheave  is  generally  made  of  cast-iron  and  the  small  piece  of  wrought- 
iron.  The  eccentric -strap  is  made  of  wrought-iron,  lined  with  gun-metal 
tongued  and  grooved  into  the  eccentric-Strap.  The  eccentric  has  a  projec- 
tion on  its  circumference  which  works  between  two  flanges  on  the  lining 
of  the  eccentric- strap.  The  eccentric-rod  is  flat  in  section  and  is  forged 
solid  with  one-half  of  the  eccentric- strap. 

An  eccentric -strap  for  a  locomotive  engine,  made  of  cast-iron, — the 
pattern  used  on  the  London,  Brighton  and  South  Coast  Railway — is  shown 
in  Fig.  348,  The  sheaf  is  of  cast-iron,  and  the  wear  and  tear  is  very  slight, 
as  cast-iron  works  well  upon  cast-iron  when  efficiently  lubricated.  The 
eccentric-rod  is  made  of  wrought-iron,  bolted  to  the  strap  by  studs  screwed 
into  the  strap  as  shown. 

An  Eccsntrio  and  £eo6ntvic-«tnip  Cor  »  StatioiUTy  Engin*  is 
shown  in  Figs.  249 — 252.  The  eccentric  is  either  made  solid  as  shown  in 
Fig.  149,  or  in  two  pieces  let  into  each  other  and  bolted  together  as  shown 
in  Fig.  351,  the  larger  piece  of  the  sheave  being  made  of  cast-iron  and  the 
smaller  piece  of  wrought-iron.  A  number  of  plugs  of  anti-fricdoo 
metal  are  let  into  the  circumference  of  the  wrought-iron  piece  for  the 
purpose  of  reduciog  friction  and  assisting  lubrication.    The  eccentric- 


ECCENTRICS  AND  ECCENTRIC-STRAPS.  307 

str^  is  made  of   cast-iron,  and  is  kept  in  its  place  on  the  sheave,  by 


Fig.  348.— EcccntriiMmp  of  m  tococDolivc-ai^iM. 

a  projection  on  the  sheave  which  works   in  a  groove    in   the    ecceo- 

tric-strap.  The  eceenlric-roii 
is  made  of  wrought-iron,  bohed 
into  a  recess  on  the  side  of 
the  strap,  as  shown. 

An  eccentric  and  eccentric- 
Strap  for  a  stationary  engine  in 
which  the  rod  is  provided  with 
a  flange  and  bolted  to  the  end 
of  the  strap  is  shown  in  Figs. 
253  and  254;  the  strap  is  made 
of  cast-iron,  lined  with  gun- 
metal;  the   eccentrlc-shcaf  is 


r«.  =5'. 


r«..s.. 
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recessed  on  each  side  to  receive  the  flanges  of  ihc   eccentric-strap  as 
shown. 
A  Uvi  of  BooMttrioi  and  Xoooitrio-Btrapi  tar  a  Marine-Eiigino 

is  shown  in  Fig.  255 ;  the  sheaves  are  of  solid  cast-iron,  but  they  are  £re- 


giwmi     iiiiiiiiiiiH....j  j 

Fip.  iS3  ud  3S4.—'Eccailnc  uid  a 


quently  made  in  halves  and  bolted  together,  as  previously  described  for 
stationary  engines.  The  eccentric- straps  are  of  solid  gun-metal,  or  of 
wrought-iron  or  steel  lined  with  gun-metal. 

Joy's  Aerernon  and  Expansion  Talve-Ooar. — ^The  essential  feature 
of  this  valve-gear  is  that  the  movement  for  the  valve  is  produced  by  a  com- 
bination of  two  motions  at  right  angles  to  each  other,  and  by  the  various 
proportions  in  which  these  are  combined ;  and  by  the  positions  in  which  the 
moving  parts  are  set  with  regard  to  each  other,  it  gives  both  the  reversal  of 
motion  and  the  various  degrees  of  expansion  required.  Eccentrics  are 
dispensed  with ;  the  motion  is  taken  direct  from  the  connecting-rod,  and 
by  utilising  independently  the  backward  and  forward  action  of  the  rod,  due 
to  the  reciprocation  of  the  piston,  and  combining  this  with  the  vibrating 
action  of  the  rod,  a  movement  results  which  is  suitable  to  work  the  valves 
of  engines  allowing  the  use  of  any  proportions  of  lap  and  lead  desired,  and 
giving  an  almost  mathematically  correct "  cut-oS "  for  both  sides  of  the 
piston  and  for  all  points  of  expansion  intermediately,  as  well  as  a  much 
quicker  action  at  the  points  of  "  cut-off  "  and  "  release  "  than  is  given  by  a 
link  gear. 

The  machinery  for  accomplishing  this  is  less  complicated  than  the 
ordinary  link-motion,  and  is  shown  in  elevation  in  Fig.  356.  Here  £  is 
the  main  valve-lever,  piimed  at  D  to  a  link  B,  one  end  of  which  is  fastened 
to  the  connecting-rod  at  A,  and  the  other  end  maintained  in  about  the 
vertical  by  the  radius-rod  C.  which  is  fixed  at  the  point  Ci,    The  centre  or 
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fulcrum  F  of  the  lever  E,  partaking  of  the  vibrating  movement  of  the  con- 
necting-rod at  the  point  A,  is  carried  in  a  curved  slide  J,  the  radius  of 
which  is  equal  to  the  length  of  the  link  G,  and  the  centre  of  which  is  fixed 
to  be  concentric  with  the  fulcrum  F  of  the  lever  when  the  piston  is  at  either 
extreme  end  of  its  stroke.    From  the  upper  end  of  the  lever  E  the  motion 
is  carried  direct  to  the  valve  by  the  rod  6.     It  will  be  evident  thus  that  by 
one  revolution  of  the  crank  the  lower  end  of  the  lever  E  will  have  imparted 
to  it  two  different  movements,  one  along  the  longer  axis  of  the  ellipse, 
travelled  by  the  point  A,  and  one  through  its  minor  axis  up  and  down, 
these  movements  differing  as  to 
time,  and  corresponding  with  the 
part  of  the  movement  of  the  valve 
required  for  lap  and  lead,  and 
that  part   constituting  the    port 
opening  for  admission  of  steam. 

The  former  of  these  is  constant 
and  unalterable,  the  latter  is  con- 
trollable by  the  angle  at  which 
the  curved  slide  J  may  be  set 
with  the  vertical. 

It  will  further  be  evident  that 
if  the  lever  E  were  pinned  direct 
to  the  connecting-rod  at  the  point 
A,  which  passes  through  a  prac- 
tically true  ellipse,  it  would  p  , 
vibrate  its  fulcrum  F  unequally  pig.  jjt— joy'i  ™]K-ge«r. 
on  either  side  of  the  centre  of 

the  curved  slide  J  by  the  amount  of  the  versed  line  of  the  arc  of  the  lever 
E  from  F  D ;  it  is  to  correct  this  error  that  the  lever  E  is  pinned  at  the 
point  D  to  a  parallel  motion  formed  by  the  parts  B  and  C,  the  point  D  per- 
forming a  figure  which  is  equal  to  an  ellipse,  with  the  error  to  he  eliminated 
added,  so  neutralising  its  elfect  on  the  motion  of  the  fulcrum  F. 

Thus  the  "  lap  "  and  "  lead  "  are  opened  by  the  action  of  the  valve-lever 
acting  as  a  lever,  and  the  port-opening  is  given  by  the  incline  of  the  curved 
slide  in  which  the  centre  of  that  lever  slides,  and  the  amount  of  this  opening 
depends  upon  the  angle  given  to  that  incline.  Consequently,  when  these 
two  actions  are  in  unison,  Ihe  motion  of  the  valve  is  very  rapid,  and  this 
occurs  when  the  steam  is  being  admitted.  Then  follows  a  period  of 
opposition  of  these  motions,  during  which  time  the  valve  pauses  momen- 
tarily, this  corresponding  to  the  time  when  the  port  is  fully  open.  Further 
periods  of  unison  follow,  at  which  time  the  sharp  "  cut-off"  is  obtained. 

The  "  compression "  resulting  with  this  gear  is  also  reduced  to  a 
minimum,  owing  to  the  peculiar  movement  given  to  the  valves  {t.e., 
the  series  of  acclerations  and  retardations  referred  to),  as  while  the 
"  lead  "  is  obtained  later  and  quicker,  the  port  is  also  shut  for  "  compres- 
sion "  later  and  quicker,  doing  away  with  the  necessity  for  a  special 
expansion-valve,  and  allowing  the  main  valve  to  be  used  for  expansion,  as 
the  "compression"  is  not  of  an  injurious  amount,  even  with  a  "cut-off " 
reduced  to  15  per  cent.,  or  about  |th  of  the  stroke. 

Jot's  Taln-Grar  fi»r  Txijls-Expuudou   EngiaMi  is  shown  in 
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Figs.  157  and  238,  in  which,  instead  of  employing  three  distinct  sets  of 
valve-gears,  one  for  each  cylinder,  a.  valve-gear  is  fitted  to  each  outer 
cylinder,  and  these  two  are  united  by  a  floating  lever,  motion  being  taken 
for  the  valve  of  the  third  cylinder  from  about  the  middle  of  this  lever,  this 
motion  being  found  to  be  correct  in  its  character,  for  the  purpose,  and  is 
under  the  same  control  for  reversing  and  for  expansion  as  the  other  two 

Fij.  JS7-  *"«■  *i^ 


FigK  ?57  and  f  58-  -  Triple-cxpuuial  CDgiiia  wiih  Jo/i  VA]v«-gejr. 

valve-motions.  Being,  moreover,  the  resultant  of  the  other  two  motions,  it 
is  a  mean  between  them,  so  that  the  high-pressure  cylinder  may  be  set 
with  a  cut-ofi  of,  say,  '65,  and  the  low-pressure  at  '55  ;  the  resultant 
motion  for  the  medium-pressure  cylinder  will  be  "60,  These  proportions 
may  be  varied  to  suit  circumstances,  or  all  the  valves  may  be  set  to  cut- 
off alike,  and  within  considerable  limits  also  the  cut-o&s  of  the  high  and 
low  pressure  cylinders  may  be  varied  independently  of  each  other  to 
equalise  the  strains  on  the  cranks,  without  affecting  appreciably  the  cut-off 
of  the  intermediate  cylinder.  Thus  a  considerable  saving  in  complication 
of  the  triple- cylinder  engine  is  effected,  a  complete  set  of  valve-gear  being 
replaced  by  a  single  lever. 

Brenune'B  Tftly«-g«ari  shown  in  Figs.  359 — 261,  is  worked  from  only 
one  eccentric,  and  it  has  consequently  fewer  working  joints  than  a  link- 
motion. 

Figs.  259  and  260  illustrate  the  mechanism  of  this  valve-gear  in  its  most 
elementary  form.  GH  is  a  swinging  link  or  radius-rod,  pivoted  at  G  to  a 
bracket,  and  at  H  to  an  arm  projecting  from  the  hoop  of  the  single  eccentric. 
The  bracket  itself  is  centred  at  F,  in  the  same  horizontal  plane  as  the  centre 
line  of  the  shaft  C,  and  can  be  partially  rotated  around  that  centre  by  a 
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worm  or  worm-segment  (Fig.  260).  The  two  extreme  positions  of  the 
bracket  are  shown  by  dotted  lines,  and  correspond  to  the  two  directions  of 
motion  of  the  engine. 

A  modification  in  the  arrangement  of  this  valve-gear  is  shown  in  Fig.  261, 
which  represents  the  engines  of  a 
steam-yacht,  in  which,  instead  of  the 
toothed-bracket  FG,  a  double  bar  is 
used,  which  is  carried  by  a  lever  at  one 
end  and  by  a  curved  slot  at  the  other 
— the  radius  of  each  of  these  being 
the  same  as  FG  or  GH  (Figs.  259  and 
260).  The  centre,  G,  of  the  swing- 
ing link  or  radius-rod  GH,  is  thus,  in 
reversing  or  varying  the  expansion* 
carried  in  the  arc  of  a  circle  around 
the  centre  F,  with  a  radius  equal  to 
FG  or  GH.  When  the  crank  is  on 
the  dead  point  at  top  and  bottom, 
then  F  and  H  coincide,  so  that  shifting  the  bracket  does  not  then  move 
the  valve. 

The  Bremme  valve-gear  gives  at  all  grades  of  cut-off  a  uniform  lead. 


Fig.  959.'IMagram  of  Bremme's  valve-fi;«r. 


Fig.  26a— Bremme's  valve-gear. 


In  reversing  or  altering  the  expansion  there  is  no  side-thrust  put  on  the 
valve-spindle.   'It  is  simple  in  its  action,  and  has  very  few  working  parts. 
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A  well-made  link-molion  for  one  cylinder  has  two  eccentrics,  four  double 
joints,  and  one  single  joint  consuntly  working — or  eleven  parts  in  all ; 


whereas  a  Bremme-gear  for  one  cylinder,  when  constructed  in  its  best 
form,  as  shown  in  Fig.  i6i,  has  one  eccentric,  and  four  single  joints  con- 
stantly working — or  five  in  all. 
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strongest  is  that  shown  in  Fig.  a6a,  in  which  one-half  of  the  end  is  forged 
solid  with  the  rod,  which  forms  it  firm  support  foi  the  cap-bolts.     Bushes, 


FigL  lUmdaSj.^ Coonccting-roil  with  rorli-eBd. 

having  packing-pieces,  or  liners  for  adjustment,  are  fitted  and  secured  by 
a  cap  bolted  to  the  solid  end  of  the  rod ; 
the  bushes  are  sometimes  lined  with  anti- 
friction metal.  The  connecting-rod  shown 
in  Fig.  264  terminates  in  a  T-piece,  into 
which  a  gun-metal  block,  forming  the 
bushes,  is  panly  recessed  ;  the  bushes  are 
retained  by  the  cap  and  bolts  as  shown. 
The  nuts  on  the  bolts  are  each  provided 
with  a  collar,  recessed  into  the  metal  as 
shown,  and  a  set-screw  is  filled  into  a 
groove  in  the  collar,  by  which  the  nut  can 
be  secured  and  prevented  from  working 
loose. 

A  Conu«otiiLg-Sod  with  »  Fork-end 
is  shown  in  Figs.  266  and  267,  the  end 
being  forked  to  span  the  cross-head ;  the 
large  end  of  the  rod  has  adjustable  bushes 
with  caps  and  bolts.     The  fork-end  carries 
the  pin  for  the  crosshead  ;  the  pin  is  fitted 
into  tapered  holes  in  the  jaws  of  the  fork- 
end.     Another   arrangement  of  the  fork- 
end  of  a  connecting' rod  is  shown  in  Fig. 
Kf.  ks*.   Fork-mdoiacoDnKtinj-rod.      268;  it  is  provided  With  caps,  bolls,  and 
adjustable  bushes,  the  ends  of  the  cross- 
head  pin  are  fitted  with  links  for  working  the  air-pump  lever  of  a  marine- 
engine. 
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The  Diameter  of  the  Connectiiig-Bod  at  the  Centre  may  be  found 
by  the  following  formula : — 

Let  D  =  the  diameter  of  the  cylinder  in  inches. 

P  =  the  initial  absolute  pressure  of  the  steam  in  lbs.  per  square  inch. 
C  =  the  diameter  of  the  connecting-rod  at  the  centre,  in  inches. 

ThenC=|^ 

Example :  Required  the  diameter  of  the  connecting-rod  at  the  centre,  for 
a  marine-engine  with  a  cylinder  42  inches  diameter ;  the  initial  absolute 
pressure  of  the  steam  being  90  lbs.  per  square  inch. 


Then  42-5-55=76,  and      */9o=9-49X  76=7*22  inches,  the  diameter 


at  the  centre  of  the  connecting-rod. 

The  Diameter  of  the  Conneoimg-Sod  at  the  End  may  be  found  by 
the  following  formula,  where  the  notation  is  the  same  as  in  the  previous 
formula. 


Let  £  =  the  diameter  at  each  end  of  the  connecting-rod. 

-  ^       / 

=  65  V 


Then  E  -  ^       '^ 


60 

Example :  Required  the  diameter  of  the  ends  of  the  connecting-rod  given 
in  the  previous  example. 

Then  42-5-60=7  and  ^90  =  9*49x7  =  665  inches,  the  diameter  of 
each  end  of  the  connecting-rod. 

The  Diameter  of  the  Cap-Bolts  fbr  the  Gonneoiiiig-Bod  shown  in 
Figs.  262 — 266  may  be  found  approximately  by  the  following  formula,  where 
the  notation  is  the  same  as  in  the  two  previous  examples. 

Let  B  =  the  diameter  in  inches  of  each  cap-bolt. 
ThenB=   ^^ 

125    V 

Example:  Required  the  diameter  of  the  bolts  for  the  conneciing-rod 
given  in  the  previous  example. 

Then  42  -4-  125  =  '336  and  ^90  =  9*49  x  '336  =  3*18  inches,  the 
diameter  of  each  bolt.  The  diameter  of  the  bolt-head  should  be  one- 
half  larger  than  the  bolt. 

The  Centres  of  the  Cap-Bolts  of  the  Connectiiig-Bod  may  be = the 

diameter  of  the  neck  plus  from  1*25  to  1*4  diameter  of  the  bolt;  ihey  are 
generally  placed  as  closely  as  possible. 

The  Thiofcness  of  the  Cap  of  the  Connectiiig-Bod  may  be  equal  to 
one-half  the  diameter  of  the  bearing. 

A  Conneotixig-Bod  for  a  Stationary  Bngine,  the  ends  having  a  strap 
to  secure  the  bushes,  and  gib  and  cotter,  are  shown  in  Figs.  269  and  270. 
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When  the  cotter  is  tightened  to  lake  up  the  wear  of  the  brasses,  the  con- 


Rfi.  369  and  37a. — ConiMCtia£-fDd  of  a  tUdonaFT-engine, 

necting-rod  is  shortened  in  length.    The  taper  of  the  cotter  is  usually  from 
I  to  i  inch  per  foot.    In  the  large  end  of  the  conaectiag-rod  shown  in 


F«.a7i. 


liDg-iwI  oT  a  locomotive- 


Fig.  269  the  cotter  Is  locked  by  nuts  on  a  screw  forged  on  the  head  of  the 
gib  as  shown,  and  in  the  small  end  the  cotter  is  locked  by  a  steel  set-screw. 
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The  number  of  turns  required  to  be  given  to  the  nut  on  the  screw  of  the 
cotter  to  draw  the  brasses  a  given  degree  closer,  may  be  ascertained  as 
follows :"— Supposing  the  screw  to  have  14  threads  per  inch,  and  the  taper 
of  the  cotter  =  ^  inch  per  foot,  it  is  required  to  find  the  number  of  turns 
to  be  given  to  the  hexagon  nut  to  draw  the  brasses  -^  inch  closer. 

^^^^    -^04  inch  taper  of  cotter  ^  j^^^  ^^^  „^^  ^^^^  ^j  ^^  ^j^^ 

14  threadsx  ii  inches 
required  adjustment  of  brasses  =1-^  or  '0635  inch,  and  °     ?  =  zoS  turns. 

As  the  nut  has  six  cants,  it  will  require  20  turns  and  '8x6  =4-8  canls,  or 
say  5  cants,  to  draw  the  brasses  -^  inch  closer. 

A  Looomotive-Eiigine  Couectrng-rod,  the    pattern   used   on  the 
Brighton  Railway,  is  shown  in  Figs.  371-^273.    The  large  end  of  the  con- 
necting-rod is  fitted  with  a  cap  and  bolts.     The  bolls  are  bored  up  for  the 
greater  part  of  their  length  so 
as  to  reduce  their  sectional 
area  to  that  of  the  screwed 
portion,  and  thus  secure  equal 
elasticity.     With    these    long 
bolts  it  is  not  found  necessary 
to  employ  lock-nuts ;  a  small 
cotter  is  fitted  in  the  ends  of 
the  bolu. 

The  small  end  of  the  con- 
necting-rod, shown  in  Figs. 
274  and  275,  has  a  strap 
secured  irith  a  cotter  and  bolt, 
the  butt-end  of  the  rod  is 
recessed  to  receive  the  brass- 
bush  as  shown.  The  taper  of 
the  cotter  is  i  in  6. 

A  locomotive  engine  con- 
necting-rod of  another  design, 
the  pattern  used  on  the  Lon- 
don and  North-Western  Rail- 
way, is  shown  in  Figs.  276 — 

279.    The  l^ge  end  of  the     Fi^„,^,„._s^i„drf,h„=nn«tinB-™i»f . 
connecting-rod,  shown  in  en-  locsmodveogiiie. 

larged    view,    Fig.    278,    is 

open-ended,  and  secured  at  the  end  with  a  bolt  passing  through  a  block, 
which  forms  an  abutment  for  the  bush  in  front  of  it.  The  brasses  are 
adjustable  by  a  cotter  having  double  nuts  at  each  end.  Strips  of  anti-friction- 
metal  are  let  into  the  brasses,  as  shown  in  Fig.  281.  The  middle  of  the  con- 
necting-rod is  flat-sided,  as  shown  in  Fig.  277 ;  a  boss  is  formed  on  the  rod, 
which  is  bushed  to  receive  a  pin  for  coupling  a  link  to  work  a  rod  connected 
to  Joy's  valve-gear.  The  small  end  of  the  rod  is  solid,  without  strap,  and 
is  bushed,  as  shown  in  Fig.  280. 

XiooomotlT*    fiTig^nt  ConpUug-roda  ox  Slds-rods  with  adjustable 
boshes,  are  shown  in  FigB.  282 — 285.  The  large  end  is  solid,  without  straps, 
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and  is  provided  with  a  cotter  for  adjusting  the  bushes.  The  small  end  is 
forked  and  fitted  with  an  end-block,  as  shown,  and  a  cocter  for  adjusting  ibe 
brasses.    The  brasses  of  ihe  small  end  are  formed  with  a  cap  to  cover  in 


Fifi.  176  ud  J77.— ConDecUn2.ndof  alcscomotLK-cngiu. 


A  cross  section  of  the  large  end  of  the  rod  is  shown  in  Fig.  285. 

The  ends  of  a  set  of  coupling-rods  or  side-rods  of  another  design,  for  a  loco- 
motive engine,  are  shown  in  Figs.  s86  and  287.    They  are  fitted  with  solid 


Fill.  17G  and  >79.— Laiss  cut  of  the  mnncctiiit^nxl  ihown  !□  Tift,  vfi  and  (77, 

bushes,  restrained  from  turning  round  by  taper-pins.    The  ends  of  the  rods 
are  hardened,  and  the  bushes  are  forced  into  place  by  hydraulic  pressure. 


LOCOMOTIVE-ENGINE  SIDE-RODS. 


ia  Figs.  376  and  277* 


Figi.  aSi  and  9S3,— LoconMive-eiigiDe  tidc-rodi. 


ude-rods  shown  id  Figt. 


Figi.  186  ud  9S7.— LocnmoliTC^nginciidc-rodt. 
*,*  For  tome  of  the  above,  and  several  otbet  itliutiationt  in  Ibu  woik,  the  aulboi  ii 
indebted  to  "  Engioeeting."  * 
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The  bashes  are  bored  -^  Inch  larger  than  their  pins  to  allow  for  the  play  ot 
the  axle  due  to  inequalities  of  the  road.    The  middle  or  plain  part  of  the 
rod  is  flat-sided. 
Ctv^-ihafts  of  Xaruw-BngiiMa  are  generally  constructed  in  two  or 


Fig,  dBS.— Crank-shafiora  maniK^nfiiK. 

more  parts,  which  aie  interchangeable,  and  connected  together  by  flanged 


Fi^  aSg.— Built-up  craok^lufl  of  a  iuriDft-«a^D*> 

couplings,  a  separate  part  being  provided  for  each  cylinder,  as  shown  in 
Fig.  z88 ;  each  part  is  a  duplicate  of  the  other,  so 

that  in  the  event  ot  a  break-down  only  one  part 

has  to  be  renewed. 

I  Tlte  Ibrlua-Bagin*  Cnuik-ahaft,  shown  in 

Figs.  189  and  290,  is  built  of  separate  pieces;  the 
two  pieces  of  each  part  of  the  shaft,  and  also  the 
cranks,  are  forged  out  of  the  best  scrap-iron.  A 
forging  of  cast-steel  is  used  for  the  crank-pin.  In 
this  method  of  building  up  the  shaft  in  pieces,  the 
forgings  for  engines  of  (he  largest  size  are  of  the 

_  _  .  .       ,  ,       simplest  kind,  and  of  such  a  size  as  to  insure  their 

Fib.    sou.— End-new   of  the      .     .  '  ,     ' 

cnnkilufi  ihawn  in   Flf.       bCing  SOund. 

■89-  A    Cramk-iluft   tor    m    Tripl*  -  «^uuioii 

Bagine,  built  up  on  a  very  simple  and  effective 

plan  (J.  P.  Hall's  patent),  is  shown  in  Fig.  391,  the  novel  feature  U 
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wrhich  consists  in  bolting  the  centre  crank-pin  to  the  webs  of  the  crank. 
The  crank-pin  is  flanged  at  both  ends,  the  flanges  are  recessed  into  the 
crank-webs  and  secured  by  bolts,  as  clearly  shown  in  the  sectional 
view.  This  arrangement  is  particularly  adapted  for  the  three-throw  crank- 
shafts of  triple-expansion  engines,  as  the  shaft  then  only  consists  of  two 
pieces  and  a  crank-pin,  consequently  only  one-half  a  shaft  need  be 
carried  as  spare-gear,  or  provision  for  a  break-down  on  a  voyage. 

A  shaft  constructed  on  this  principle  is  more  flexible  than  a  solid  shaft, 
and  it  possesses  all  the  advantages  of  a  shaft  made  in  three  pieces  and 
joined  by  flanged  couplings,  without  losing  the  space  occupied  by  such 
couplings.  The  application  of  this  system  to  one  of  the  cranks  of  a  built- 
up  shaft  for  marine  engines  of  1200  indicated  horse-power,  is  shown  in 
Fig.  291,  but  it  may  be  applied  to  all  the  cranks  of  a  similar  shaft,  and  also 
to  cranks  having  webs  solid  with  the  shaft.  A  number  of  crank-shafts  are 
working  with  very  satisfactory  results,  constructed  on  this  principle,  the  pro- 
portions of  a  few  of  which  are  given  in  the  following  Table : — 

Table  85. — Proportions  and  Finished  Wkights  of  Crank-shafts  built 
ON  Mr.  J.  P.  Hall's  system  ;  the  Shafts  being  made  of  Wrought- 
IRON  and  the  Crank-webs  and  Crank-pins  of  Forged  Steel. 


NaiMorVeiML 

Length 

Diam. 
of 

Length 
Over 

Diam. 
of 

Length  of  Crank- Webs 

Thick. 

'  Weight! 

ness  ofi      of      1 

Stroke. 

Shaft. 

AIL 

Coupling 

For  H.  P.  & 
L.  P. 

For  I.  P. 

Webs. 

Inches. 

Shaft. 

Inches. 

Inches. 

Ft.    In. 

Ft.   In. 

Ft.      In. 

Ft. 

In. 

TnsCwt 

Earnwell 

42 

Hi 

15    8 

I  9i 

3     5| 
3     3t 

3 

7 

7i 

6    5 

Earnmoor 

42 

II 

15     8 

I  9i 

3 

7 

7i 

6    5 

Era           .    . 

39 

ID: 

16    2 

^  9, 

3 

5 

7i 

6     I 

Hopetoun 

39 

15  II 

I  9i 

3     4J 

3 

.f 

7| 

6      3 

Starling . 

33 

• 

9:: 
lot 

13    6 

I  8 

2  lol 

2 

4    5 

Alice  Depeaux 

36 

14    2 

I  9 

3     I 

3 

i| 
If 

H 

4  l8 

Caimryan  .    . 

36 

10 

14    2 

I  8 

3     I 

3 

7i 

4   15 

Drever  . 

36 

lOi 

U     7 

I  H 

3     If 

3 

2| 

5     5 

Glanystwyth  . 

36 

lof 

M     7 

I  8i 

3     If 

3 

2| 

7i 

5    8 

Northwood     . 

36 

10 

14     2 

I  8 

3     If 

3 

if 

6; 

4   15 

Cairntoul  .    . 

36 

loi 

U     7 

I  8J 

3     if 

3 

2^ 

7i 

5    5 

Tke  XHametar  of  a  Wronght-iron  Crank-shaft  for  a  Marine 
Engine  may  be  found  by  the  following  formula : — 

Let  IHP  =  the  indicated  horse-power  of  the  engines  ;  N  =  the  number 
of  revolutions  per  minute ;  D  =  the  diameter  of  the  shaft  in  inches. 

Then  D  =  4'5  y  (IHP  ^  N). 

Example :  Required  the  diameter  of  a  wrought-iron  crank-shaft,  also  the 
dimensions  of  the  web  of  the  crank  for  a  marine  engine  of  2,400  indicated 
horse-power,  making  60  revolutions  per  minute. 

Then  2400  -^  60=  i/40  =  3*42  x  4*5  =  15*39  inches,  or  say  15J  inches 
diameter  of  the  shaft.  The  area  of  each  web  of  the  crank  should  at  least 
be  equal  to  that  of  the  shaft,  which  is  15*5*  x  7854=  1887  square  inches; 
taking  the  width  of  each  web  at  two-thirds  the  diameter  of  the  shaft',  or  say 
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10  inches,  the  depth  of  each  web  will  be  1887  -5-  10  =  18*87,  or  say  19 
inches.  Hence  the  area  of  the  section  of  each  web  of  the  crank  will  be 
10  X  19=  190  square  inches;  the  diameter  and  length  of  the  crank-pin 


Fig.  29a. 


Fig.  293. 


.-jg...w 


Figs.  292  and  293. — Crank-shaft  of  a  m.irine-engine. 


may  each  be  equal  to  the  diameter  of  the  crank-shaft,  and  with  these  pro- 
portions the  crank-shaft  shown  in  Figs.  292  and  293  is  obtained. 

The  Web  of  a  CraalE  may  be  proportioned  by  the  following  rule,  which 
gives  nearly  the  same  results  as  those  obtained  by  the  previous  method. 
If  w  =  the  width  and  d  =  the  depth  of  each  crank-web,  wd^  should  be 
equal  to  the  cube  of  the  diameter  of  the  crank-shaft.  Example:  Required 
the  dimensions  of  the  web  of  the  crank-shaft  given  in  the  previous  example, 
15I  inches  diameter. 

Then  the  cube  of  the  diameter  of  the  crank-shaft  (15^*)  =  3724. 

If  the  width  of  the  web  be  two-thirds  the  diameter  of  the  shah,  or  say 
10  inches,  it  will  give  3724  -*^  10  =  372*4  and  V372'4  =  19*3  inches,  the 
depth,  and  10  x  19*3 '  =  3724  as  required  by  the  rule,  which  makes  the 
depth  of  the  crank  '3  inch  more  than  that  obtained  by  the  previous 
method. 

The  IMameter  of  a  Solid  Steel  Crank-ehaft  for  a  Marine-engine 
may  be  found  by  the  following  formula  : — 

Let  IHP  =  the  indicated  horse-power  of  the  engine, 
N  =  the  number  of  revolutions  per  minute. 
D  =  the  diameter  of  the  shaft  in  inches. 


IHP 


Then  D  =4-3  V^ 


Example :  Required  the  diameter  of  a  solid  steel  crank-shaft  for  a 
marine-engine  of  2400  indicated  horse-power,  making  60  revolutions  per 
minute. 

Then  2400  horse-power -5-  60  =  40  and  ^40  =  3*42  x  4*3  =147,  or 
say  14-J  inches,  being  15*5'  -7-  1475'  =  ^'^5  or  ^5  P^^  c^'^t-  ^^^s  in  size 
than  the  wrought-iron  crank-shaft  found  for  the  same  power  in  the 
previous  example. 

Jonmals  and  Conplinge  of  Crank-ehaffcs  of  Marine-engines  are 
usually  of  the  following  proportions  : — 

Length  of  each  journal  or  bearing  of  crank-shaft  =  diameter  of  crank- 
shaft X  1*25  to  2*5;  the  higher  the  speed  the  longer  should  the 
journal  be. 
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Diameter  of  the  coupling  of  crank-shaft  =  diamet^  M  crank-shaft  x  i'8 
to  2. 

Thickness  of  each  flange  of  the  coupling  =  diameter  of  crank-shaft  x 
•25  to  -3. 

The  Length  of  Bearinge  or  Joumala  of  a  Crank-shaft  suitable  for 
a  given  pressure  may  be  found  by  this  Rule :  Divide  the  initial  pressure 
of  the  steam  on  the  piston  in  lbs.  per  square  inch  of  its  area,  by  the  product 
of  the  given  pressure  in  lbs.  on  the  bearing  and  the  diameter  of  the  bearing 
in  inches. 

Example :  The  piston  of  an  engine  is  60  inches  diameter,  the  initial 
pressure  of  the  steam  is  50  lbs.  per  square  inch,  the  diameter  of  each 
bearing  of  the  crank-shaft  is  14  inches:  what  should  the  length  of  each 
bearing  be,  if  the  pressure  on  the  bearing  is  not  to  exceed  600  lbs.  per 
square  inch  ? 

Then  ^±^-  .^S^iBSlies  ^7^Ji2^_  SoJbs^PI!!!?.™  ^  jg.g,    inches,   the 
600  lbs.  X  14  inches  diameter 
length  of  each  bearing  required. 

The  Bnehes  for  the  Jonmale  of  Cranh-ahafta  are  best  made  of 
good  tough  bronze  or  gun-metal,  with  strips  of  anti-friction  metal  let  into 
the  bearing-surfaces. 

The  gun-metal  for  the  bushes  may  be  composed  of : — 

88  parts  of  copper 
10  parts  of  tin 
2  parts  of  zinc. 

The  strips  of  anti-friction  metal  may  be  composed  of  :— 

85  parts  of  tin 
5  parts  of  copper 
10  parts  of  antimony. 

The  strips  may  be  let  into  the  bearing-surfaces  in  the  manner  shown  in 
Fig.  281. 

The  Proportions  of  the  Crank  of  a  Xarine-engine  are  usually  as 
follows : — 

Width  of  each  web  of  crank  =  diameter  of  crank-shaft  x  '67. 
Depth  of  each  web  of  crank  =  diameter  of  crank-shaft  x  125. 
Diameter  of  crank-pin  =  diameter  of  crank-shaft  x  i  to  I'l. 
Length  of  crank-pin  =  diameter  of  crank-shaft  x  i  to  vz^. 

The  area  of  bearing  of  each  crank-pin  should  not  be  less  than  =  '2 
square  inch  per  indicated  horse-power  developed  by  the  corresponding 
cylinder. 

The  Strain  or  Pressure  on  a  Crank-pin  may  be  found  by  this 
Rule : — 

Area  of  cylinder  in  ins,  x  maximum  pressure  of  the  steam  in  lbs  per  sq.in. 
diametrical  sectional  area  of  the  crank-pin  in  square  inches 

The  diametrical  sectional  area  of  the  crank-pin  is  the  product  of  the 
diameter  of  the  crank-pin  in  inches  by  its  length  in  inches. 

Example  .•  The  diameter  of  the  low-pressure  cylinder  of  a  compound 
engine  is  60  inches,  the  areas  of  the  two  cylinders  are  to  each  other  as  i  is 
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to  37,  the  effective  pressure  of  the  steam  on  the  high-pressure  piston  is 
85  lbs.  per  square  inch  at  the  beginning  of  its  stroke,  and  on  the  low- 
pressure  piston  the  effective  pressure  of  the  steam  is  23  lbs.  per  square 
inch  at  the  beginning  of  its  stroke,  the  crank-pin  is  14  inches  diameter 
and  15  inches  long.  Required  the  diametral  sectional  area  of  the  crank- 
pin  in  square  inches ;  and  also  the  pressure  in  lbs.  per  square  inch  on  the 
surface  of  each  of  the  crank-pins  ? 

Then,  the  diametral  sectional  area  of  the  crank-pin  b  14  x  15  inches 
=  210  square  inches. 

The  area  of  the  low-pressure  cylinder  is  60  x  60  x  7854  =  2827*44 
square  inches. 

The  area  of  the  high-pressure  cylinder  is  2827*44  -f-  37  =  764*17  square 
inches. 

The  pressure  on  the  low-pressure  crank-pin  is  —      "^  ^^  ^  ^^  :         = 

210  area  of  crank-pm 

30967  lbs.  per  square  inch. 

The  pressure  on  the  high-pressure  crank-pin  is  — ^  ^  ^^  ^ — ^  ,^'.    ax 

210  area  of  crank-pm 

309*30  lbs.  per  square  inch. 

The  Weight  of  the  Crank  and  of  half  the  Length  of  the 
Conneoting-rod  next  the  Crank-pin  of  high-speed  engines  should  be 
accurately  balanced  by  means  of  a  counter-balance-weight  revolving  opposite 
to  the  crank,  so  that  both  may  revolve  in  the  same  plane  of  revolution.  The 
counter-weight  may  either  be  solid  with  the  crank,  or  bolted  on.  When  it 
is  bolted  on  to  the  crank,  the  diameter  of  the  bolts  required  may  be  found 
by  the  following  formulae  : — 

Let  R  =  the  number  of  revolutions  of  the  crank-shaft  per  minute, 
r  =  the  effective  radius  of  the  balance-weight  in  feet. 
N  =  the  number  of  times  the  weight  is  increased  by  centrifugal  force* 

2935 

A«>«  r.(  u^u ;«  o/,  ;«fl  —            N  X  weight  of  balance-weight  in  lbs. 
Area  01  bolt  m  sq.  ms.= ; =-t — r- =-; 2 — . —  — ^ — - — 

number  of  bolts  x  workmg  stress  on  the  bolt  m  lbs. 

Example:  The  counter-balance-weight  of  a  crank  weighs  1480  lbs.,  its 
effective  radius  being  1*6  feet,  the  shaft  makes  65  revolutions  per  minute. 
What  should  the  diameter  of  each  bolt  be,  if  two  bolts  be  used  to  bolt  it  to 
the  crank,  and  the  strain  on  the  bolts  is  not  to  exceed  5000  lbs.  per  square 
inch  of  section  ? 

Then  -5_i^ — ^  ^  '     =  2*3,  the  number  of  times  the  weight  is  increased 

by  the  centrifugal  force,  which  multiplied  by  the  weight  of  the  counter- 
weight in  lbs.,  will  give  the  stress  upon  the  bolts,  and 

2*3  X  1480  lbs,  weight  of  counter-balance 
2  bolts  X  5000  lbs.  the  strain  allowed 

=  3*4  square  inches  the  area  of  each  bolt  required,  then  V3*4  •*■  7854  » 
2'o8  inches,  the  diameter  of  each  bolt 
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Tit*  BollMsFrMmx*  of  BtouB  niiaUs  fm  »  giTMi  Sit*  of  Bhaft 

is  sometimes  found  by  the  following  Jiule .- — 
Let  D  =  the  diameter  of  the  low-pressure  cylinder  in  inches. 
H  =  the  diameter  of  the  high-pressure  cylinder  in  inches. 
L  =  the  length  of  stroke  in  inches. 
d  =  the  diameter  of  the  shaft  in  inches. 
y  =  a  constant  =  4936  for  wrought-iron  crank-shafts, 
/=  a  constant  =  5760  for  wrought-iron  tunnel  or  propeller-shafts. 
B  =  Boiler-pressure  of  steam  in  lbs.  per  square  inch. 

"  LxH- 

Example:  What  boiler-pressure  of  steam  may  be  used  tor  a  compound 
engine  having  a  wrought-iron  crank-shaft  11  inches  diameter;  diameter 
of  the  low-pressure  cylinder  60  inches ;  diameter  of  high  pressure  cylinder 
30  inches ;  length  of  stroke  36  inches. 

Then  493g  x  '  1^—60'  x  36  x  1 5  _  ^       ^^^  square  inch,  the  boiler- 

36  mches  x  30"  mches 
pressure  of  steam  that  may  be  used  for  that  crank-shaft. 

A  dmnk-Axl*  fi#  »  LooomotiTS  Engia*  with  inside  cylinders,  single 
frames  and  single  bearings,  is  shown  in  Figs.  294  and  295.    The  cylinders 
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are  17  inches  diameter,  and  the  length  of  stroke  is  26  inches ;  the  journals 

are  7J  inches  diameter  and  7I  inches  long.  The  crank-pins  are  each  7J 
inches  diameter  and  4f  inches  long ;  their  diametrical  sectional  area  being 
7j  inches  X  4I  inches=34'88  square  inches.  Taking  the  maximum  mean 
effective  pressure  of  the  steam  in  the  cylinder  at  100  lbs.  per  square  inch, 
the  area  of  the  cylinder  being  17'  x  7854  =  227  square  inches,  the  total 
pressure  that  may  be  delivered  on  each  crank-pin  would  equal  227  square 
inches  x  100  lbs.  =  22700  lbs.  or  a  little  more  than  10  tons  being  at  the 
rate  of  22700  lbs.  ~-  34'88  =  623  lbs.  per  square  inch  of  diametrical  section 
of  the  crank-pin.  A  pressure  of  10  tons  on  each  crank-pin  would, 
when  the  cranks  are  in  certain  positions,  result  in  a  combined  stress  of  20 
tons  on  the  axle.  The  outside  or  thinner  webs  of  the  crank  are  4i  inches 
thick  and  12  inches  broad,  the  sectional  area  of  each  web  being  12  x 
4}  =  51  square  inches,   the  sectional  area  of  each  crank-pin  is  7J*  x 
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•7854  =  47"i7;  the  sectional  area  of  each  journal  is  7''  x  7854  = 
44' 17- 

Hence  the  thinner  webs  of  the  crank  are  of  sufficient  area,  being  a  little 
greater  than  that  of  the  axle. 

A  Cnmk-Azl*  for  »  LooomotiT*  Bagine  with  inside  cylinders,  double 


Fig.  3g6.— Locomolin  cnnk^ulc 

frames,  and  both  inside  and  outside  bearings,  is  shown  in  Fig.  296  ;  outside 
cranks  are  provided  for  the  coupling-rods  or  side-rods. 

Crank-Slwfti  and  Cnuik-AzleB  frequently  fail  at  the  angle  between  the 
web  of  the  crank  and  ihe  crank-pin  as  shown  in  Fig.  397,  and  they  sometimes 
fail  by  a  ball-and-socket  shaped  fracture  at 
the  crank-pin  which  separates  in  this  form 
from  one  of  the  crank-arms.  The  cause  of 
failure  in  many  cases  being  overstraining  of 
the  crank  beyond  the  limit  of  its  elastic 
strength.  '.        ./^^"w'-" 

Cxnnk-Azlea  of  Locomotive  Engines 
frequenily  fail  from  being  kept  running  too 
long  a  time.  It  is  considered  that  the  maxi- 
mum mileage  of  iron  crank-axles  should  not  . 
exceed  20o,cxxi  miles,  and  of  steel  180,000 
miles.  In  order  that  in  the  event  of  a  breakage, 
the  crank  may  hold  together  until  the  train 

is  stopped  or    a  station  reached,  each  web         pij.  ^j._Brofcen  oank-  eh. 
of  the  crank    is    frequently   hooped,    and    a 

hole  is  bored  through  the  centre  of  the  crank-pin  into  which  a  boh  is 
fitted  10  hold  the  webs  together. 

A  Crank-Shaft  may  be  strained  ezeessiT^y  by  its  bearings  being  out 
of  line ;  by  the  bearings  giving  or  springing ;  by  slackness  of  the  brasses ; 
by  want  of  rigidity  in  the  bed-plate ;  or  by  the  presence  of  water  in  the 
cylinder :  and  its  tensile  strength  may  be  considerably  diminished  by  long- 
continued  excessive  straining.  When  the  bearings  are  so  much  out  of  line 
as  to  cause  the  necks  or  journals  to  become  hot,  the  strain  on  the  shaft  is 
seldom  less  than  one-third  greater  than  that  due  to  ordinary  working  in 
true  bearings,  it  frequently  is  considerably  more,  and  it  may  be  from  50  to 
100  per  cent,  greater  than  when  the  bearings  are  true.  When  the  shaft  is 
fractured  by  being  out  of  line,  it  is  frequently  due  to  the  strain  produced  by 
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Fig.  998.'-Cnuik>shflft  of  a  portable-engine. 


the  opening  and  closing  of  the  jaws  of  the  crank  at  each  revolution  of  the 
crank- shaft. 

The  slackness  of  the  brasses,  if  slight,  may  be  taken  up  gradually  by 
cushioning,  but  where  cushioning  is  defective,  or  absent,  the  pressure  of 
the  steam  comes  on  the  piston  suddenly  and  causes  an  impulsive  strain 
on  the  shaft  which  varies  in  intensity  with  the  amount  of  slackness  of  the 
brasses.  The  presence  of  water  in  the  cylinder  may  cause  a  severe  bending 
strain  on  the  crank-shaft. 

Steel  Crank-Axles  and  Crank-SIiafte  should  be  made  of  mild,  homo- 
geneous/br^ed'S/eelj  of  which  the  following  is  an  average  analysis  : — 

Carbon  '200;  manganese  •6cx) ;  silicon  '015;  sulphur  '060;  phosphorus 
'050.  The  tensile  strength  should  be  about  28  tons  per  square  inch; 
elongation  25  per  cent. ;  contraction  40  per  cent.  Crank-shafts  are  some- 
times made  as  steel-castings,  but  they  are  generally  inferior  to,  and  not  so 
reliable  as,  forged-steel  shafts. 
Bent  Cranks,  made  from  round  bars  of  iron  or  steel,  shown  in  Fig.  298, 

are  used  for  portable-engines,pumps, 
thrashing-machines,  looms,  &c. ;  the 
small  sizes  are  bent  by  special  ma- 
chines, and  the  larger  sizes  by 
hydraulic  pressure  in  suitable  presses, 
the  ends  being  forced  inwards  while 
the  throws  are  being  formed,  so  as  to 
complete  the  crank  with  as  few  heats 
as  possible  and  prevent  deteriora- 
tion of  the  material. 

This  is  the  cheapest  method  of  making  a  crank -shaft,  and  it  is  also  the 
strongest,  because  the  fibre  of  the  material  runs  along  the  arms  and  round 
the  throw  of  the  crank,  whereas  when  the  crank  is  forged  in  a  solid  block, 
the  fibre  runs  across  the  webs  and  is  severed  by  cutting  out  the  throw. 
When  a  bent  crank- is  required  to  work  in  a  liiiiited  space,  the  webs,  instead 
of  being  round  are  slightly  flattened,  or  made  oval-shaped. 

Three-Throw  Cranks  for  Large  Pnmps  are  frequently  made  of  cast- 
iron,  and  when  made  of  good  tough  metal  they  work  satisfactorily.  The  crank- 
pins  or  sling-bearings  are  usually  made  one-fifth  larger  in  diameter  than 
the  main  bearings,  to  compensate  for  the  torsional  strain  being  greater  on 
the  sling-bearings  than  on  the  main-bearings,  owing  to  the  peculiar  form 
of  this  kind  of  crank.  A  cast-iron  crank-shaft  will  only  bear  two-thirds 
the  torsional  strain  of  that  of  a  wrought  crank-shaft  of  the  same  propor- 
tions. Thus  if  a  wrought-iron  crank-shaft  be  suitable  for  a  strain  of  30 
horse-power,  a  cast-iron  shaft  of  the  same  proportions  would  only  bear  a 
strain  of  20  horse-power. 

Cast-iron  Cranks  for  lArge  Pnmps  should  be  cast  from  good  tough 
metal.    The  following  is  a  good  mixture  of  metal  for  this  purpose : — 

Scotch  mixed  brands,  5  cwt. 

Weardale,  7  cwt. 

Good  clean  scrap,  8  cwt. 

A  test-bar  of  cast-iron  cast  from  this  mixture,  i  inch  square,  placed  upon 
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supports  three  feet  apart,  should  bear  a  gradually  applied  weight  of  about 
7^  cwt.  with  a  deflection  of  about  |  inch. 

A  Screw-Frop«U«r  Slwft  is  connected  to  the  crank-shaft  by  several 
lengths  of  shafting  with  couplings  forged  solid  with  the  shaft,  as  shown  in 
Fig.  299.    The  foremost  length  of  shafting  has  a  jotimal  fitted  with  thrust- 
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collars  which  work  In   recesses  in  a  thrust -bearing,  which  receives  the 
thrust  of  the  propeller. 

Tb»  DiMiMtn  of  »  Solid,  Wrooght-Irou  Propellw-Sluft,  or  screw- 
shaft,  may  be  found  by  the  following  formula : — 

Let  I  H  P  =  the  indicated  horse-power  of  the  engines. 
N     =  the  number  of  revolutions  per  minute. 
D     =  the  diameter  of  the  screw-shaft. 


ThenD  =  4    y/^ 


Example :  Required  the  diameter  of  solid  wrought-iron  screw-propeller 
shafting  for  a  pair  of  marine  engines  of  r50o  indicated  horse-power, 
making  6z  revolutions. 

Then  1500-5-62=  y75"=2'93y  4=if72,  or  say  iij  inches  diameter. 

The  size  of  shaft  obtained  by  this  rule,  although  it  agrees  fairly  with 
practice,  does  not  allow  a  sufficient  margin  of  strength  for  contingencies, 
the  number  of  failures  of  these  shafts  prove  that  (hey  are  frequently  made 
too  light.  They  frequently  fail  from  want  of  stiffness  to  resist  the  strain 
due  to  the  continual  bending  and  unbending  action  of  the  overhung  weight 
of  the  propeller. 

Scxtnr''pTOpt31»T-Bha£ting  is  exposed  to  an  end-thrusting  strain  due 
to  propulsion,  a  twisting  strain  from  the  engine,  and  a  bending  strain  due 
to  the  weight  of  the  propeller.  The  diameter  of  the  shafting  may  be  found 
by  the  following  Jfuh,  which  provides  for  all  these  strains  and  allows  a 
margin  of  Strength  tor  contingencies,  to  obviate  fracture. 
/(IHPX90) 

Example :  Required  the  diameter  of  the  solid  wrought-iron  propeller- 
shaft,  given  in  the  previous  example. 

Then  -^-   ■  -^=  a/  joi6=ij'96,  or  say  13  inches  diameter  of  shaft, 

being  i3'-Mij'  =  i-35,  or  35  per  cent,  larger  than  that  obtained  by  the 
previous  Xule, 


^/'^ 
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Ser^w-Propeller  Shaft*  of  Large  Siae  are  best  made  hollow  of 
Whitworth's  Compressed  Steel,  as  the  weight  of  the  shaft  may  thus  be  con- 
siderably reduced  without  diminishing  the  strength. 

Hollow-Shafting  of  Whitworth's  Compresaed-Steel  for  screw- 
propellers  should  be  calculated,  for  the  external  diameter,  by  the  last  Rule 
given  above  for  wrought-iron  propeller-shafts,  and  the  internal  diameter 
should  =  the  external  diameter  of  the  shaft  x  '56. 

Example :  Required  the  internal  diameter  of  a  propeller-shaft  of  Whit- 
worth's Compressed  Steel,  of  14  inches  external  diameter. 

Then  14  x  '56  s=  7*84,  or  say  7J  inches  internal  diameter. 

CoupUnga  for  Serow-Propallar  Shafting  consist  of  flanges  forged 

solid  with  the  shafts,  one  flange  having  a 
projection  to  fit  into  a  recess  in  the  other 
flange,  in  order  to  keep  the  shafts  central, 
as  shown  in  Fig.  300.  The  diameter  of  the 
flange  or  coupling  =  the  diameter  of  the 
shaft  X  r8  to  2  :  the  thickness  of  each  flange 
=  |th  the  diameter  of  the  shaft. 
Fig.3«>.-Coupibgofpropcii«r.shafiing.       Bolta  foT  tho    Conplinga  of  Screw- 

Propeller  Shafting  are  exposed  principally 
to  a  shearing  strain.  The  diameter  of  the  bolls,  D,  may  be  found  by 
the  following  formula,  where  N  =  the  number  of  the  bolts. 

'55 
D  =ir/vT  ^  diameter  of  the  shaft. 

Example :  Required  the  diameter  of  the  bolts  for  the  couplings  of  a 
screw-propeller  shaft  of  12  inches  diameter,  the  number  of  bolts  to 
be  six. 

Then  V6  =  2'45  and  '55-7- 2'45=:*224X  12  =  2-69  inches,  the  diameter 
of  the  bolts  required.  If  the  number  of  bolts  were  eight,  their  diameter 
would  be.=  V'8=  2*83  and  •55-=-2"83='i94X  12  =  2*33  inches. 

The  Shearing-Strain  on  the  Bolta  of  the  Conplinga  of  Shafting 
may  be  found  by  dividing  the  power  in  foot  pounds  transmitted,  by  the 
distance  travelled  by  the  bolts  in  one  minute. 

Example :  Required  the  shearing-strain  on  the  bolts  of  the  couplings  of 
the  shafting  of  a  screw-propeller  transmitting  icoo  indicated  horse-power, 
making  60  revolutions  per  minute,  the  diameter  of  the  circle  of  the  centres 
of  the  bolts  is  18  inches,  and  there  are  8  bolts,  2  inches  diameter,  in  each 
coupling. 

Then  1000  horse-power  x  33000  lbs.  =  33,000,000  foot  lbs.  transmitted 
and  1*5  feet  pitch-circle  of  bolts  x  3'i4i6  x  60  revolutions  =282744,  the 
distance  travelled  by  the  bolts  in  one  minute.  The  strain  on  all  the  bolts  of  the 
coupling  will  be  =  33,000,0004-282744=1 16,71 3"3i  lbs.,  the  strain  on 
each  bolt  will  be  =  116713-314-8=14,590  lbs.,  the  area  of  each  bolt  is 
2"  X  7854  =  3-1416  square  inches,  and  the  strain  on  each  bolt  is  14590-f- 
3-1416=4644  lbs,  per  square  inch  of  the  sectional  area  of  the  bolt. 

The  Strain  on  the  ShadPt  of  a  Screw-Propeller  due  to  the  Over- 
hang of  a  Propeller  may  be  found  by  the  following  formula ; 
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Let  W  =  the  weight  of  the  propeller  in  tons. 
„    D  =  the  distance  in  inches  of  the  centre  of  the  weight  from  the 

point  of  support. 
,f     S  =  the  maximum  strain  in  lbs.  per  square  inch. 

Th  n  S  =  I0'2XWX224QXD 

(Diameter  of  the  shaft  in  inches)  ** 

Example :  Required  the  maximum  strain  in  lbs.  per  square  inch  on  the 
shaft  of  a  screw-propeller  due  to  the  overhang  of  a  propeller  weighing  5  tons, 
the  centre  of  weight  being  25  inches  from  the  point  of  support  and  the 
shaft  being  1 1  inches  diameter. 

Tu^..  io'2X  5  tons  X  2240x25  inches      ^,  ...o  iu  •    u 

Then ^ -^. — |-^ =  2145*8  lbs.  per  square  inch. 

1 1  X  1 1  X  1 1  mches  '^       ^ 

The  Strexigth  of  a  Shaft  or  Shafting,  to  resist  Bending,  is  only 
equal  to  one-half  of  its  strength  to  resist  torsion  or  twisting. 

The  Strength  of  Bound  Bam  or  Shafts  to  resist  a  Torsional  or 
Twisting  Strain  is  in  proportion  to  the  cubes  of  their  diameters.  A  bar 
of  wrought-iron,  i  inch  diameter,  is  twisted  asunder  by  a  weight  or  force 
of  800  lbs.  applied  at  the  end  of  a  lever  12  inches  long,  measured  from  the 
centre  of  the  bar,  and  the  relative  resistance  of  different  bars  is  usually 
expressed  by  stating  the  weight  which  twists  them  asunder  when  applied  in 
this  manner.  Hence  if  the  torsional  strength  of  a  bar  i  inch  diameter  be 
known,  the  strength  of  bars  of  other  dimensions  of  the  same  material 
may  be  calculated  from  it. 

Example :  As  a  bar  of  wrought-iron  i  inch  diameter  is  twisted  asunder 
by  a  force  of  800  lbs.,  applied  at  the  end  of  a  lever  12  inches  long  from  the 
centre  of  the  bar,  what  force  will  be  required  to  break  a  J  inch  diameter 
wrought-iron  stud,  applied  at  the  end  of  a  lever  16  inches  long? 

Then  16  inches  :  12  : :  800  lbs.  =  600  lbs.  the  force  required  to  break  a 
stud  I  inch  diameter  applied  at  the  end  of  a  lever  16  inches  long. 

And  I*  :  75*  :  :  6co  =  253'i25  lbs.  the  force  required  to  break  the  f 
inch  diameter  wrought-iron  stud  at  a  leverage  of  16  inches. 

The  Torsional  Strain  on 'Shafting  may  be  found  by  the  following 
formula : —  * 

Let  F  =  the  force  in  lbs.  applied  to  the  shaft. 

L  =  the  leverage  in  inches  through  which  the  force  acts. 

D  =  the  diameter  of  the  shaft  in  inches. 

S  =  the  maximum  strain  per  square  inch  of  section  of  the  shaft. 

Th     S  —  FxLx5'i  constant 

Example:  A  shaft  10  inches  diameter  is  subjected  to  a  torsional  strain 
by  a  force  of  50,000  lbs.,  acting  with  a  leverage  of  20  inches.  Required 
the  maximum  stress  per  square  inch  of  section  of  the  shaft. 

^^^  50,ooolbs.X2oinchesx5'i  ^  j^^^  ^^^^^         ^  i^^j^  ^{ 

10  X  10  X  10  mches 

section  of  the  shaft. 
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The  maximum  strain,  S,  per  square  inch  on  the  transverse  section  of  the 
shaft  should  not  exceed  the  following  :— 

For  wrought-iron  crank-shafts,  5,000  lbs. 

For  mild  steel  crank-shafts,  5»5oo  lbs. 

For  all  other  shafts  and  shafting  of  wrought-iron,  9,000  lbs. 

For  all  other  shafts  and  shafting  of  mild  steel,  10,000  lbs. 

The  Tore;  aotiiig  witli  a  giy«&  L«T«rag»,  wliich  maj  ba  apj^lied 
to  a  Sliafb  may  be  found  by  the  following  formula,  the  notation  being 
the  same  as  in  the  previous  formula : — 

«       D»xS 
r  ^- . 

LX51 

Example  i :  Required  the  force  in  lbs.  which  may  be  applied,  at  a 
leverage  of  20  inches,  to  a  shaft  10  inches  diameter,  which  is  capable  of 
bearing  a  maximum  strain  of  5,100  lbs.  per  square  inch  of  section. 

Then  ?^!211?I22]k5i  =  50,000  lbs.,  the  force  which  may  be  applied  to 

20X5-1  "^  J  rr 

the  shaft  at  that  leverage. 

Example  2  :  If  the  maximum  strain  to  be  allowed  on  wrought-iron  be 
taken  at  9,000  lb.  per  square  inch,  whU  pressure  may  be  applied  at  the 
end  of  a  crank  20  inches  long,  to  be  transmitted  by  a  shaft  10]^  inches 
diameter. 

Theni9'5'i<M??=  102,163  lbs. 

20X51  "^ 

The  Diameter  of  a  Shaft,  sul^eot  only  to  a  Tondonal  or 
Twisting  Strain,  suitable  for  a  given  force  and  leverage,  may  be  found 
by  the  following  formula,  the  notation  being  the  same  as  in  the  two  previous 
Examples : 

F  X  L  x'5*"i 


D=  V^ 


Example:  Required  the  diameter  of  a  shaft  suitable  for  a  force  of 
50,000  lbs.  applied  at  a  leverage  of  20  inches,  the  material  of  which  the 
shaft  is  made  being  capable  of  bearing  a  strain  of  5,100  lbs.  per  square 
inch  of  cross  section. 

Then    .  /5o»QQQ — ?2 — Li  =s  10  inches  diameter. 
V  5,100 

The  Tondonal  Strain  on  a  Crank-Shaft  may  be  found  by  the 
following  formula : — 

Let  F  =  the  force  at  leverage  =s  the  effective  pressure  of  the  steam  in 
lbs.  X  length  of  crank  in  inches. 
A  =  the  area  of  the  cylinder  in  square  inches. 
D  =  the  diameter  of  the  crank-shaft  in  inches. 
S  s=  the  torsional  strain  per  square  inch  of  section  of  the  shaft. 

c_FxAx5*i 
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Example :  The  diameter  of  the  cylinder  of  a  marine  engine  is  42  inches, 

the  length  of  stroke  is  48  inches,  the  effective  pressure  of  the  steam  is 

60  lbs.  per  square  inch,  and  the  diameter  of  the  crank-shaft  is  13  inches. 

Required  the  torsional  strain  on  the  crank-shaft  per  square  inch  of  section. 

Then  the  area  of  the  cylinder  is  48"  X7854=i385'45  square  inches, 

,  1385*45  area  x  60  lbs,  pressure  x  24  inches  crank  x  5*1  _     ,       « 

13X 13X 13  inches  ^  ' 

the  strain  per  square  inch  of  section  of  the  shaft. 

The  End-tlmist  on  the  Shafting  of  a  Screw-propeUer,  if  the  whole 
of  the  power  were  utilised  by  the  propeller,  may  be  ascertained  by  the 
following  formula : — 


Let  IHP  = 

N  = 
S  = 
T  = 

Then  T  = 


the  indicated  horse-power  of  the  engines, 
the  number  of  revolutions  per  minute, 
the  diameter  gf  the  screw-propeller  in  feet, 
the  mean  thrust  in  lbs.  on  the  propeller-shaft. 

IHP  X  33000  X  12 
N  X  S  X  12 


Example:  Required  the  end-thrust  on  the  shafting  driving  a  screw- 
propeller  of  10  feet  diameter,  the  indicated  horse-power  of  the  engines 
being  1000,  and  the  number  of  revolutions  per  minute  =  50. 

Then  ?299-><_33ooo  x  i?  _  ^^^^  ^^     ^^^  end-thrust. 

50  X   10  X    12 

The  British  Corporation  fbr  the  Surrey  and  Bogistry  of  Shipping 

give  the  following  formula  for  the  minimum  diameter  of  crank-shafts, 
thrust-propeller-shafts,  and  intermediate  shafts. 

Where  D  =  the  diameter  of  the  shaft :  P  =  absolute  pressure  =  boiler- 
pressure  +  15  lbs :  S  =  stroke  of  engine  in  inches :  L  =  diameter  of  low- 
pressure  cylinder  in  inches :  B  =r  i  for  crank-shafts  and  thrust-shafts : 
B  =  '95  for  intermediate  shafts :  B  =  for  propeller- shafts  as  follows : — 

Table  86.— Value  of  the  Multiplier  B  for  Propellsr-Shafts. 


Coefficient  of 
Displacement 
of  the  Vessel 
at  f  Moulded 

Ratio  of  the  Diameter  of  Propeller  to  the  Diameter  of  Crank-Shafi. 

1 

Depth. 

13 

U 

15 

x6 

17 

z8 

'60 

1*00 

X'OI 

X'OJ 

x-03 

x'04 

> 
X'05 

•6a 

iioz 

x'oa 

x-03 

x-04 

x*05 

x-S 

S 

1*03 

1*03 

X-04 

X-05 

x*o6 

X'O? 

*66 

1*03 

z'04 

Z-05 

x-o6 

X-07 

x*o8 

•68 

1-04 

*!?S 

x-oC 

x'07 

x*o6 

X'09 

•70 

'iS 

z*o6 

X-07 

x-08 

x'09 

X'lO 

•72 

x-06 

\^ 

x-o8 

X09 

x-io 

X'XX 

?i 

'S 

X09 

X'lO 

X'll 

X*I2 

z'oS 

Z-OQ 

X'XO 

X'XX 

X-I2 

X'X3 

22 

z*09 

X'ZO 

x*xx 

x'xa 

X'i3 

X'14 

*. 

x*zo 

vu               x*xa 

X-X3 

XX4 

rxj 
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The  value  of  the  divisor  C  in  the  formula  depends  on  the  ratio  L*  4-  H*, 
where  L  =  the  diameter  of  the  low-pressure  cylinder,  and  H  =  the  diameter 
of  the  high-pressure  cylinder  in  inches. 


Table  86* 

.— Valub  of  t 

ME  Divisor  C  ik  thb  Pmcedinc  Fobhvla  jor 

Propkllkr-Shafts. 

TmiCnskimtsn 

TwoCnuloitsD 

L^' 

•^(fu^pinar 

ffi 

deg.  Compound  or 

Three  Craslis 

FonrCrmki 

■I90de«. 

.breeCnmkswiJo 

Ibc«Cru>ki>Ii» 

Triple  Eip^' 

j'.'SS 

dcg.  Qu.dti.plB 

di|.  QuKboplo 

itOD. 

^ 

Wio 

s. 

'517J 

14160 

H 

si 

ijiSo  . 

i 

10410 

6 

IJ"3J 

ISNO 

id66i> 

H 

.6710 

K 

s* 

s 

KS 

mio 

'9530 

•t 

11660 

11910 

Bt 

■9»fio 

ao430 

H«6o 

'• 

;ss 

II 

«J30 
94900 

M 

Tlia  8t«m-Bluft,  or  aftermost  length  of  the  propeller-shafting,  marked 
A  in  Fig.  301,  passes  through  the  stern  of  the  ship  and  drives  the  screw-pro- 
^  peller.      In  order 

to  preserve  the 
shaft  from  oxida- 
tion it  is  always 
covered  or  cased 
at  the  bearings 
with  gun-metal,  of 
from  \  inch  to  f 
inch  thick,  and  in 
some  cases  it  is 
*  cased  from  end  to 

end.  When  the 
casing  is  in  seve- 
ral lengths,  they 
are  filletted  into 
Rg.  301,— Siemlulie  and  xmi-shift  each  Other  at  ihe 

joints  to  prevent 
leakage.  The  casing  is  either  cast  on  the  shaft,  or  cast  separate,  and 
bored  to  fit  the  shaft  tightly,  on  which  it  is  forced  by  hydraulic  pressure. 

The  Sturn-tnbfl,  marked  B  in  Fig.  301,  carries  the  bearings  on  which 
the  stem-shaft  revolves.  It  consists  of  a  strong  tube  of  cast-iron  or  gun- 
metal,  having  a  flange  on  the  forward  end,  or  end  of  the  tube  inside  the 
ship,  by  which  it  is  bolted  to  the  after-bulkhead ;  this  end  is  fitted  with  a 
stuffing-box  and  gland  to  prevent  water  entering  the  ship.  The  length  of 
the  stern-tube  is  determined  by  the  distance  between  the  after- bulkhead 
and  the  slem-post.  The  after  or  outer  end  of  the  stern-tube  passes  through 
the  stern-post,  to  which  it  is  secured  on  the  outside  by  a  strong  nut  screwed 
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on  the  end  of  the  tube.  The  bearing  at  the  outside  or  after-end  of  the 
stem-tube,  and  sometimes  at  both  ends,  is  fitted  with  strips  of  lignum-vitae 
recessed  into  the  bush,  as  shown  in  Fig.  302,  the  strips  being  secured  by 
a  check-plate  to  prevent  them  working  out. 

A  pipe  with  cock  is  fitted  for  drawing  water  from  the  stem-tube  to  ascer- 
tain if  the  bearings  are  working  cool. 

LigiLTua-Vito  Bearings,  consisting  of  strips  of  lignum-vitx  recessed 
into  a  bush  as  shown  in  Fig.  30Z,  are  the  best  and 
most  durable  bearings  for  the  journals  of  shafts 
working  in  water;  the  space  between  the  strips 
form  watercourses  by  which  the  water  circulates 
and  efficiently  lubricates  the  journals  of  ihe.  shafts. 
These  bearings  will  stand  a  working  pressure  of 
as  much  as  2000  lbs,,  being  five  times  as  much  as 
can  in  many  cases  be  safely  carried  by  metal 
bearings.  They  are  used  for  the  outer-bearings  of 
paddle-shafts  and  stem -shafts. 

Flnnunar  -  blocki  for  screw-propeller- shafting  ,,. 

are  usually  of  the  form  shown  in  Fig.  303.    They  '^"'- '"'Ti^bS^-      * 
are  made  of  cast-iron,  and  lined  with  anii-friction- 
metal  or  white-metal.    The  plummer-b locks  should  be  spaced  as  widely 
apart  as  possible,  consistent  with  freedom  from  the  shafts'  sagging,  in  order 


Fig.  303.— Plmniner-bloclc.  Fi(.  304-— TlinBt-beiirin(. 

to  allow  the  shafting  to  yield  to  the  strains  in  the  hull  due  to  the  rolling  of 
the  ship,  to  prevent  friction  and  diminish  liability  to  fracture. 

A.  Thnurt-bMuring  is  shown  in  Fig.  304.  It  consists  of  a  bush  of  either 
gun-metal  or  white-metal,  made  in 
halves;  it  is  fitted  into  a  cast-iron 
thrust-block.  The  bush  is  provided 
with  a  number  of  (hrust-rings,  which 
fit  between  corresponding  collars  on 
the  thmst-journal ;  the  rings  are 
bored  a  little  larger  than  the  collars, 
so  that  the  circumferences  of  the 
collars  on  the  thrust-journal  suf- 
ficiently clear  the  bottom  of  the  re-  Fig,  3(,s.-Ti)ra«-be»itni. 
cesses  in  the  bush  to  prevent  the 

weight  of  the  shaft  coming  on  the  thrust-block,  which  should  only  take  the 
end-pressure  due  to  the  thrust  of  the  propeller.  The  wear  takes  place 
on  the  sides  or  fore  and  aft  surfaces  of  the  thrust-rings.  An  oil-tube  is 
provided  for  lubricating  each  thrust-collar.  An  ordinary  plummer-block 
is  fixed  close  to  the  thrust-block  to  relieve  it  of  the  weight  of  the  shafting 
and  prevent  vibration. 
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A  Tlinutt-bouiiif  oonpoMd  of  ••parftt*  Thmst-ringi  ree«H«d 
into  tlu  Tlmst-Uook  is  shown  in  Fig.  305. 
A  TJimst-'blook  proTidod  iritb  Mji»tabl«    Tbnut-axuflMMs  is 

shown  in  Fig.  506.    The  thrust  both  ahead  and  astern  is  taken  up  as  a 


Fig,  306.— Thnut-beiring  with  hoise-shoe  rinji. 

tensile  strain  by  two  strong  bars  screwed  from  end  to  end ;  these  bars  are 
fitted  at  each  end  with  nuts  for  taking  the  total  strain  against  the  bosses  on 
the  thrust-block,  the  thrust-surfaces  of  the  shaft  bear  against  horse-shoe- 
shaped  cast-iron  rings,  which  are  faced  with  white-metal,  each  ling  being 
adjusted  and  secured  in  position  along  the  screwed  bars  by  means  of  nuts 
and  check-nuts. 


Sor«w-propdlara  are  made 


Fig.  307.— Sow-pr^ltal^ 


;th  two,  three  and  four  blades.  Pro- 
pellers with  four  blades  cause  less 
vibration,  and  are  more  efficient  in 
a  rough  sea  than  those  having  a 
less  number  of  blades.  The  blades 
are  frequently  cast  separately  and 
bolted  to  the  boss  of  the  propeller 
by  a  flange,  as  shown  in  Fig,  307. 
The  bolt-holes  are  elongated  to  allow 
the  position  of  the  blades  to  be  ad- 
justed when  it  is  necessary  to  alter 
the  pilch  of  the  propeller.  The 
flanges  of  the  blades  are  frequently 
coated  with  cement,  rounded  oft  to 
follow  the  Outline  of  the  boss,  to 
cover  in  the  bolts  and  reduce  the 
resistance  of  their  surfaces  to  the 
water. 

Scrsw-propallon  made  of  Cact- 
iron  should  be  made  from  good 
tough  metal,  twice  run.  The  fol- 
lowing is  a  good  mixture  of  metal 
for  this  purpose,  which  should  be 
melted  and  cast  into  pigs  in  order 
to  mix  properly : — 


9J 


If 
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Hematite,  No.  4 .7  cwt. 

Glengarnock,  No.  3 3 

Gartsherrie,  No.  3         •        • 3 

Clyde,  No.  3 3    „ 

Weardale,  No.  3 2 

Monkland,  No.  3 2 

A  test-bar,  cast  from  this  mixture  of  cast-iron,  i  inch  square,  placed 
upon  supports  3  feet  apart,  should  bear  a  gradually  applied  weight  of 
S\  cwt.,  with  a  deflection  of  about  f  inch. 

Screw-propellers  made  of  Onn-metal  can  be  made  much  thinner 
and  lighter  than  when  made  of  cast-iron.  The  following  mixture  makes  a 
tough  and  durable  gun-metal  for  this  purpose  : — 

Copper  88  parts,  tin  10,  and  zinc  2  parts. 

Another  mixture  for  the  same  purpose  is  copper  877  parts,  tin,  8*3  and 
Silesian  spelter  4  parts. 

Belineatioii  of  a  Screw-Propeller.  A  well-proportioned  and  very 
efficient  screw-propeller,  15  feet  4  inches  diameter,  is  shown  in  Figs.  308 — 
310 ;  it  has  four  blades  cast  solid  with,  the  boss.  Fig.  309  is  a  view  looking 
forward  in  line  with  the  axis  of  the  propeller-shaft,  the  full  line  representing 
the  projected  shape  of  the  propeller-blade  as  it  will  then  appear,  and  the 
dotted  line  the  shape  of  blade  when  developed  or  laid  flat.  Fig.  310  is  a 
plan  of  the  propeller-blade  looking  in  direction  of  line  A  B  (Fig.  309). 
Fig.  308  is  a  view  of  the  propeller-blade  in  direction  C  D  (Fig.  310) ;  that 
is,  a  side  view  of  blade.    This  propeller  was  fitted  to  s.s.  "  Flamboro." 

After  drawing  an  oudine  of  the  boss,  the  centre  lines,  and  diameter  of  the 
propeller,  the  developed  shape  of  the  propeller-blade,  as  shown  in  Fig.  310, 
is  usually  determined  next,  and  for  the  screw-propeller  illustrated,  the 
following  is  a  general  outline  of  the  mode  of  procedure. 

In  Fig.  309  draw  any  convenient  number  of  arcs  from  the  centre  E  with 
radii  E  F,  E  G,  E  H,  etc.,  and  E  A,*E  F  being  the  same  as  or  slightly  more 
than  that  of  the  boss,  and  E  A  the  full  radius  of  the  propeller,  the  inter- 
mediate axes  being  equally  spaced,  or  nearly  so. 

In  Fig.  310  draw  the  line  M  N  parallel  to  D  C  at  a  distance  correspond- 
ing with  the  aftermost  part  of  the  blade.  On  any  convenient  scale  make 
O  P  =  pitch,  and  P  Q  and  P  R  =  circumference  of  circles  of  radii  E  F 
and  E  A  (Fig.  309),  respectively.  Draw  O  Q  and  O  R.  These  will  give  the 
developed  angles  of  blade  near  the  boss  and  at  periphery  respectively. 

In  Fig.  309  lay  off  round  full  arc  at  A  a  distance  A  S  =  T  S^  (Fig. 
310),  and  round  full  arc  at  F  lay  off  F  U  =  T  U^  (Fig.  310),  join  S  U 
cutting  the  full  arcs  in  V,  etc.  This  line  in  a  propeller  of  uniform  pitch 
will  pass  through  the  centre  of  the  shaft  if  produced.  On  line  M  N 
(Fig.  310)  lay  off  T  S^^=  perpendicular  distance  of  S  from  A  B  (Fig.  309). 

Horizontally  in  line  with  S  (Fig.  309)  mark  point  S^^^  at  a  perpendicular 
distance  from  A  B  =  O  S^^  (Fig.  310). 

With  centre  somewhere  on  line  A  B  or  A  B  produced,  draw  do/Ud  arc 
passing  through  point  A  and  S^^^. 

On  line  M  N  (Fig.  310)  lay  off  T  U^,  =  perpendicular  distance  of  U 
from  A  B  (Fig.  309). 

Horizontally  in  line  with  U  (Fig.  309)  mark  point  U^^^  at  a  perpendicular 
distance  from  A  B  =  O  U^,  (Fig.  310), 

z  2 
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With  centre  somewhere  on  line  A  B  or  A  B  produced,  draw  dotted  arc 
passing  through  points  F  and  U,^^. 

In  Fig.  310  divide  S^^U^^  into  parts  by  points  V^^  etc.,  corresponding  with 
points  V  etc.  (Fig.  309)  join  O  V^  etc.  (Fig.  310). 

Horizontally  in  line  with  V  (Fig.  309)  mark  point  V^^^  at  a  proper  distance 
from  A  B  =  O  V^,  (Fig.  310). 

With  centre  in  A  B  or  A  B  produced,  draw  dotted  arc  through  J  V^^^. 

Draw  the  other  doited  arcs  in  the  same  manner  and  then  draw  S^^,  U^,^ 
through  the  points  S^„  V^^^  etc.,  and  U^,^. 

All  the  other  arcs  snould  be  continued  on  right  side  of  A  B  as  shown. 

These  arcs  correspond  with  those  that  will  eventually  be  drawn  on  "  bed  " 
of  the  propeller-mould  in  the  foundry,  the  projected  edge  of  "  bed  "  being 
represented  by  the  full  line  S  U,  and  the  developed  edge  by  the  dotted  line 

The  dotted  arcs  are  approximately  the  development  of  parts  of  the  helices 
wound  round  cylinders. of  radius  E  A  and  E  F  respectively,  with  pitch 
equal  to  that  of  the  propeller. 

The  figure  A  S^^^  U^.^  F,  and  a  similar  figure  on  other  side  of  A  B  show 
the  limits  with  which  the  bkde  must  be  drawn. 

On  dotted  curve  F  (Fig.  305)  mark  point  W^^  at  a  perpendicular  distance 
from  A  B  =  O  W^  (Fig.  310),  this  distance  O  W^  being  limited  by  the  length 
of  boss. 

Starting  from  point  W,^  (Fig.  309),  and  keeping  within  the  prescribed 
limits,  draw  the  outline  of  the  blade  as  in  dotted  lines  of  such  a  shape  and 
area  as  may  be  thought  best. 

The  projected  outline  (Fig.  309),  may  now  be  drawn  from  the  developx 
ment  obtained,  for  example,  mark  point  W  on  full  arc  F  (Fig.  309)  at  a 
perpendicular  distance  from  A  B  =  perpendicular  distance  of  W^  from 
Y  P  (Fig.  310).    This  point  W  is  the  first  point  in  projected  outline. 

Then  on  line  O  V^,  (Fig.  310)  mark  point  X,  at  a  distance  from  O  = 
perpendicular  distance  of  X^^  n-om  A  B  (Fig.  309),  then  mark  X  (Fig.  309)  on 
full  curve  at  a  perpendicular  distance  from  A  B  =  perpendicular  distance 
of  X^  from  Y  P(Fig.  310),  or  simply  draw  horizontal  line  X^^  X,  cutting  full 
curve  in  X. 

All  the  other  points  for  the  projected  outline  may  be  obtained  from  the 
developed  outline  in  the  same  manner,  and  the  curve  drawn  through  them. 

The  plan  may  be  drawn  through  the  points  X^  etc.,  previously  obtained 
from  Fig.  309. 

Fig.  308  may  be  drawn  through  points  obtained  from  Fig.  309  and  310 
together. 

This  method,  in  which  a  series  of  helices  of  diflFerent  radii  are  developed, 
does  not  give  the  length  of  the  edge  S^,^  U^^^  of  the  blade  exactly,  but  the 
error  is  trifling,  and  by  neglecting  it  the  method  is  simplified. 

If  the  projected  view  of  the  blade  (Fig.  309)  is  to  be  determined  first, 
then  part  of  the  operation  will  simply  require  to  be  reversed. 

The  blade  is  8  inches  thick  at  the  root  and  tapers  to  f  inch  thick  at  the 
tip  ;  diameter  of  boss  2  feet  9  inches,  depth  of  boss  2  feet  2  inches,  taper  of 
hole  in  boss  i  inch  in  18  inches.    Total  developed  surface  64*8  square  feet. 

The  Thickness  of  the  root  of  the  Blade  of  a  Screw-propeller  per 
foot  in  diameter  of  the  propeller  may  be  =  J  inch  for  cast-iron,  -j^  inch  for 
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gun-metal,  and  f  inch  for  mild-steel.  The  entrance-edge  of  the  blade 
should  be  as  sharp  as  practicable. 

The  Velocity  of  the  Blades  of  a  Screw-propeller  through  the 
Water,  consequent  upon  its  revolution  and  the  forward  movement  of  the 
vessel,  at  diflFerent  points  from  the  centre  of  the  boss :  or  the  velocity  or 
distance  passed  through  the  water  each  revolution  by  any  point  in  the  blade 
from  the  boss  to  the  extremity  may  be  found  by  this  formula : 

y  (2irr)»T(P  -  S/= D. 

D  being  the  distance  passed  through  by  the  point  each  revolution,  P  the 
pitch  of  the  propeller,  and  S  the  slip  each  revolution,  or  in  other  words : 
D  is  =  hypotenuse  of  a  right-angled  triangle  where  the  base  is  =  the  cir- 
cumference of  the  circle  of  any  diameter  of  the  propeller,  and  the  perpen- 
dicular is  =  the  actual  progress  of  the  vessel  each  revolution  of  the 
propeller. 

Example :  Required  the  velocity  of  the  blades  of  a  screw-propeller 
through  the  water,  consequent  on  one  revolution  and  the  forward  move- 
ment of  the  vessel,  at  a  point  in  the  blade  3  feet  4  inches  radius  or  6  feet 
8  inches  diameter,  the  pitch  of  the  screw-propeller  being  2777  feet  and  the 
slip  10  per  cent. 
Then  (3*1416x3*333  feet  radius  x  2)'=439'56. 

and  (2777—10  per  cent.  slip)'=625.    Then  y(439'56-f  625)=32*62 
feet  the  velocity  for  each  revolution. 
The  Pitch  of  a  Bcrew-Propeller  is  the  distance,  in  the  line  of  the 

shaft,  from  one  convolution  to  the  next,  or  the  distance 
the  propeller  would  advance  in  one  revolution  if  it 
worked  in  an  unyielding  or  solid  substance. 

To  Meaenre  the  Pitch  of  a  Screw-Propeller. 
Let  A  B  in  Fig.  311  =  the  line  of  shafting,  draw  the 
angle  ABC  that  the  blade  makes  with  the  shaft  at 
N  feet  from  the  centre  of  the  shaft.  Draw  the  line 
B  D  perpendicular  to  A  B,  and  make  B  D  equal  in 
Fig;  3".--i)iagram  of     length  to  2  N  X  3*i4i6.     From  D  draw  the  line  C  D 

pitcn     Oi      A    screw-  */      ^ 

propeller.  parallel  to  A  B,  then  C  D  =  the  pitch  of  the  screw- 

propeller. 
The  Pitch  of  a  Screw-Propeller  necessary  to  ^ftintftin  a  ^ven 
speed  of  Screw  with  a  given  number  of  revolutions  may  be  found  by  the 
following  formula : — 

Let  K  =  the  speed  of  the  screw-propeller  in  knots  per  hour ;  L  =  the 
length  of  a  knot  in  feet  =  6080  feet ;  R  =  the  number  of  revolutions ; 
P  =  the  pitch  of  the  screw-propeller  in  feet. 

Then  P  =  ^S2L][f. 
R 

Example  i  :  Required  the  pitch  of  a  screw-propeller  necessary  to  main- 
tain a  progression  of  10  knots  an  hour,  if  there  were  no  slip,  with  3000 
revolutions. 

Then  (10  knots  x  6080  feet)  -f-  ^000  =  20*266  feet  pitch. 
Example  2  :  A  ship  is  required  to  steam  10  knots  per  hour  when  the 
screw-propeller  is  making  58  revolutions  per  minute,  what  must  be  the 
pitch  of  the  screw  ? 

Then  (10  x  6080)  -r-  (58  X  60)  =  17*47  feel. 
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Wl^en  the  Ktch  of  a  Screw-Propeller  in  altered,  if  the  mean 
effective  pressure  of  the  indicator  diagram  remains  unaltered,  the  product 
of  the  pitch  by  the  square  of  the  knots  per  hour  is  not  altered. 

Tlie  Speed  of  a  Steamshipp  if  the  Pitch  of  the  Screw-Propeller 
be  altered,  the  indicator  diagram  of  the  engine  remaining  the  same,  may 
be  found  by  this  J^uU : — 

Old  pitch  X  old  knots'  ,         .        ,  .  . , , 

^^ewlSich ~  new  knots",  and  Vnew  knots  ■  =  knots. 

Example :  The  pitch  of  a  screw-propeller  is  20  feet,  and  the  speed  of  the 
ship  is  10  knots  an  hour.  Required  the  speed,  S,  if  the  pitch  be  altered  to 
17  feet,  the  indicator  diagram  remaining  the  same. 

Then  S'  x  17  feet  the  new  pitch=  10  knots"  x  20  feet,  the  old  pitch, 

And-?2iii^  =  «/ii7.64=io'82  knots. 
17 

When  both  the  Pitch  and  the  Speed  of  a  Screw-Propeller  are 
altered  the  speed  of  the  ship  may  be  found  by  the  following  J^ule: — 

New  pUdix^Q^jeyolutions x old  knots  ^  „^^     ^^^  .^  ^^^^^ 
Old  pitch  x  old  revolutions 

Example:  The  pitch  of  a  screw-propeller  is  20  feet,  the  number  of 
revolutions  per  minute  60,  and  the  speed  of  the  ship  10  knots  an  hour. 
What  would  be  the  speed  of  the  ship  if  the  pitch  were  altered  to  22  feet 
and  the  number  of  revolutions  increased  to  75  per  minute,  the  slip  of  the 
screw  remaining  the  same. 

Then  ^^  ^  75  x  ^Q  --  j^.^c  the  speed  of  the  ship  after  altering  the 
20  X  60  '^ 

pitch  and  increasing  the  speed  of  the  propeller. 

The  Slip  of  a  Screw-Propeller  is  the  difference  between  the  actual 
advance  of  the  ship  and  that  due  to  the  speed  of  the  propeller,  or  the 
amount  of  work  lost  from  the  screw  working  in  a  yielding  substance.  Slip 
varies  from  10  to  25  per  cent. 

Let  V  =  the  speed  of  the  screw-propeller,  and  V  =  the  speed  of  the 
ship. 

tr— V 

Then  z;—V  =  the  slip  of  the  screw,  and ,  the  slip  of    the  screw 

expressed  as  a  fraction. 
.*.  ^^      X  100  =  the  slip  expressed  as  a  percentage  of  the  speed. 

The  Slip  is  calculated  on  the  Speed  of  the  Screw-PrepeUer. 

Example  1 :  A  ship  is  required  to  steam  at  the  rate  of  1 2  knots,  and  the 
crank-shaft  of  the  engine  is  to  make  76  revolutions ;  what  must  be  the  pitch 
of  the  screw-propeller  if  20  per  cent,  be  allowed  for  slip  ? 

Then  if  20  per  cent,  be  deducted  from  the  speed  it  leaves-^ j- 

'^  '^  100 

15*20,  76— i5*20=6o'8  knots  as  the  effective  speed  of  the  propeller,  and 
^^^— ^—  =  20  feet,  the  pitch  of  the  screw-propeller  required. 
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Example  2 :  A  steamship  has  a  screw-propeller  making  63  revolutions 
per  minute,  the  pitch  of  the  screw  is  18  feet,  and  the  slip  15  per  cent. 
Required  the  speed  of  the  ship  in  knots  per  hour? 

Then  the  speed  of  the  screw-propeller  per  hour  in  feet  =  18  x  63  x  60= 
68240  feet. 

The  speed  of  the  screw-propeller,  if  there  were  no  slip,  would  be  in 

knots  per  hour  =  —fr-Q~c — -    =^  11*22  knots.     Taking  off  15  percent. 

slip,  leaves  ^-.  and  the  speed  of  the  ship  will  be  =  '»  x  63  ><  60  x  8; 

'^  100  '^  6080x100 

ss9'54  knots  per  hour. 

T]i«  nip  of  a  Berow-Fropeller  may  be  ascertained  by  comparing  the 
distance  steamed  by  the  ship  with  the  progression  of  the  screw-propeller, 
or  distance  run  by  the  engines. 

Example:  A  ship  steamed  a  distance  of  27  knots,  the  screw-propeller 
made  9120  revolutions,  the  pitch  of  the  screw  was  20  feet.  Required  the 
slip  of  the  screw-propeller  ? 

Then  9120  revolutionsx  20  feet  pitch  ^       ^^^^ 

6080  feet  ^ 

The  difference  between  the  distance  steamed  by  the  ship  and  the  pro- 
gression of  the  screw-propeller  is  30—27=3  knots,  and  the  slip  of  the  screw- 

,1     .    ^  X  100 
propeller  is  ^ =  10  per  cent. 

V«gatiT«  nip  of  a  Borew-Propeller  is  the  difference  between  the 
velocity  of  the  screw-propeller  and  that  of  the  ship,  when  a  ship  is  propelled 
at  a  faster  speed  than  would  be  obtained  if  the  screw-propeller  worked  in 
an  unyielding  substance.  Negative  slip,  when  it  exists,  is  probably  due  to 
the  following  cause : — ^The  propeller  throws  the  water  outwards  and  back- 
wards in  the  form  of  a  hollow  cone,  this  hollow  is  filled  up  partly  by  the 
stream  following  the  ship,  and  partly  by  water  which  returns  to  fill  up  the 
vacuum  caused  by  the  centrifugal  action  of  the  screw-propeller :  the  water 
coming  in  these  two  directions  impinges  upon  the  screw-propeller  and  causes 
additional  thrust. 

Tho  Angle  of  a  8or«w-Propeller  is  the  inclination  of  the  thread  of 
the  screw  to  the  horizon.  The  angle  may  be  found  from  the  tangent  of  the 
angle,  which  is  obtained  as  follows : — 

Pitch 

Tangent  of  the  angle  of  the  screw  =  ^. -; 

Circumference 

Example :  The  diameter  of  a  screw-propeller  is  11*026  feet,  the  pitch  is 
20  feet.     Required  the  angle  of  the  screw. 
Then  ii*026x3*i4i6=34'64ioi6  feet,  the  circumference  of  the  screw,  and 

l^ig?  =  -57735  tangent .-.  angle=3oO. 

Tlio  Pitch  of  a  Screw-Propeller,  when  the  angle  and  the  diameter 
are  given,  may  be  found  by  the  following  Hu/e : — 

Pitch  of  screws  tangent  of  angle  x  circumference  of  screw. 
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Example  :  Required  the  pitch  of  screw-propeller  in  feet,  when  the  angle 
is  30°,  and  the  diameter  1 1*026  feet. 

The  tangent  of  angle  30°=*57735. 

Then  ii'026x3'i4i6=34*64ioi6x '57735=20  feet,  the  pitch  of  the 
screw-propeller. 

The  Tliread  of  a  Berew-Propeller  is  the  distance  along  the  edge  of 
the  blade. 

Tlie  Length  of  a  Screw-Fropeller  is  the  fraction  of  the  pitch  actually 
used. 

The  Diameter  of  a  Sorew-Propeller  is  the  diameter  of  the  circle 
described  by  the  tips  of  the  blades. 

The  Area  of  the  Blade  of  a  Screw-Fropeller  is  the  surface  of  the 
blade. 

The  IMso-Area  of  a  Screw-Propeller  is  the  area  of  the  circle  described 
by  the  tips  of  the  blades. 

The  Frojected-Area  of  the  Blade  of  a  Berew-Propeller  is  the 
area  that  would  be  traced  by  a  pencil  held  parallel  to  the  propeller-shaft, 
traversing  the  edge  of  the  blade  of  the  propeller,  on  a  plane  at  right  angles 
to  the  shaft. 

The  Ezpaaded-Area  of  the  Blade  of  a  Screw-Propeller  is  the  same 
as  that  of  a  sheet  of  paper  which  would  cover  the  blade. 

The  BoM  of  a  Screw-Prepeller  is  generally  bored  to  a  taper  of 
I  inch  in  1 8  inches,  in  propellers  of  moderate  size,  and  to  a  taper  of  i  inch 
per  foot  in  large  propellers.  The  boss  is  keyed  on  the  shaft  with  one  key, 
sunk  into  the  shaft,  for  moderate-sized  propellers,  and  with  two  keys  for  large 
propellers,  as  shown  in  Fig.  312,  which  represents  a  boss  3  feet  i^  inch 
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Fig.  313.-  Diagram  of  the  surface 
of  a  screw-propeller-blade. 


Fig.  312. — Boss  of  a  screw-propeller. 


diameter,  and  3  feet  long,  of  a  screw-propeller  18  feet  diameter.  The 
diameter  of  the  large  end  of  the  tapered  hole  is  15^  inches,  and  the  taper 
being  i  inch  per  foot,  the  diameter  of  the  small  end  of  the  tapered  hole 
vill  be  i5i  -  (36inchesx  I  inch  taper)  ^  ^^j  .^^^^^^     ^  „^j  -^  ^^^^^^.^^ 

12  mches 
on  the  end  of  the  shaft  to  tighten  against  the  boss,  and  a  check-plate  is 
fitted  to  prevent  the  nut  working  loose. 

The  width  of  each  Key  of  a  Screw-Fropeller,  when  fixed  on  the 
shaft,  as  shown  in  Fig.  312,  should  =  diameter  of  shaft  x  -226,  and  the 
key  should  enter  the  boss  to  a  depth,  measured  at  the  side  of  the  key  = 
diameter  of  shaft  x  -08.     Hence  each  key  of  the  above  propeller  should  be 
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15-5  X  '226  =  3 J  inches  wide,  and  the  depth  of  each  keyway  in  the  boss 
should  be  15-5  x  '08  =  i  J  inch. 

The  Surfiikoe  of  a  Blad«  of  a  Berow-Propellar  may  be  found 
approximately  as  follows : — 

In  Fig.  313,  let  AB  be  the  pitch,  BC  the  circumference,  and  AC  the 
thread  of  the  screw-propeller :  then,  if  the  blade  be  considered  to  be  made 
up  of  a  large  number  of  triangles  placed  side  by  side,  and  if  the  part  ABC 
be  taken  away,  leaving  AC  to  form  the  blade,  then  if  the  lengths  of  all  the 
lines  corresponding  to  AC  were  found,  their  sum  divided  by  their  number 
w*ould  give  an  average  length,  which,  multiplied  by  the  radius,  will  give  the 
approximate  area  of  the  blade.  In  practice  it  is  sufficiently  correct  in  most 
cases  to  find  only  three  of  these  lines,  then  by  dividing  by  three  and  multi- 
plying by  the  radius,  the  area  of  the  blade  is  obtained. 

In  the  above  figure  AB  may  be  considered  as  the  length  of  the  screw  to 
obtain  the  approximation.  If  BC  be  bisected  in  D,  and  AD  joined,  then 
AC  represents  the  longest  line  on  the  surface  of  the  blade,  AB  the  shortest, 
and  AD  an  intermediate  one. 

Then  the  area  of  the  blade  of  the  screw-propeller= i i X 

radius.  ^ 

Example  :  The  diameter  of  a  screw-propeller  with  two  blades  is  15  feet, 
the  pitch  is  20  feet,  and  the  length  3  feet.  Required  the  area  of  the  com- 
plete screw,  the  surface  of  one  blade,  and  the  surface  of  two  blades. 

Then  BC  =  15  feet  diameter  x  31 416  =  47-12  feet  circumference. 
BD  =  one-half  of  47*12  =  23*56  feet. 
AB  =  20  feet  pitch. 
AC"  =  AB"  +  BC"  =  400  -h  2220*2944  =  2620*2944. 

.*.  AC  =  51. 
AD"  =  AB"  -h  BD"  =  400  -f  ith  of  2220*2944  =  955736. 

.*.  AD  =  31. 
and       AB  =  20. 

AC  =  51. 

AD  =  ^^   -T-  3  =  34  X  7*5  radius  =  255  square  feet,  the  area  of  the 
102      ^^      ^ 

complete  screw. 

The  length  being  3  feet,  the  area  of  one  blade  will  =  /o  of  the  area  of 
complete  screw. 

The  area  of  the  complete  screw  is      =255     square  feet. 

The  area  of  one  blade  =  -i5-5— _5  =  38*25  square  feet. 

20 

The  area  of  two  blades  =  38*25  x  2  =  76*50  square  feet. 

Tlie  Besistance  of  a  Steamship  to  Propulsion  by  a  Screw- 
Fropeller  may  be  found  by  this  Rule : — 

P    ,  •    lu     _    indicated  horse-power  x  '6  x  330QO 

pitch  of  screw  x  revolutions  per  minute 

Example :  Required  the  resistance  of  a  steamship  to  propulsion  by  a 
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screw,  driven  by  engines  of  800  indicated  horse-power,  pitch  of  screw- 
propeller  18  feet,  number  of  revolutions  per  minute  =56. 

rr,  800  X  -6  X  33000  .      ,, 

Then  -—-7 :—- ^r-^^^ — ; — : —  =  15714  lbs. 

18  feet  pitch  X  56  revolutions 

The  Indicated  Tknuit  of  a  Berew-FropeUer  may  be  found  by  this 
J^ule  .— 

Thrust  =  pressure  in  foot-lbs.  on  the  thrust  x  pitch  x  number  of 
revolutions. 

.  Tu-u^*  _  indicated  horse-power  x  33000 

pitch  X  revolutions 

Example :  Required  the  thrust  of  a  screw-propeller  20  feet  pitch,  driven 
by  engines  of  1000  indicated  horse-power  at  60  revolutions  per  minute,  slip 
10  per  cent. 

Then  155? 33???  —  27500  lbs.  thrust,  being  the  total  power  exerted 

20  X  60 

by  the  engines,  but  in  practice  only  about  38  per  cent,  of  the  indicated 

horse-power  is  utilised  or  effectively  applied  in  the  thrusting-force  of  a 

screw  in  propelling  a  ship. 

And  the  horse-power  at  the    1  1000  x  33000  x  38        _    ^  1,  ^  ., 

thrust-block  will  be        .        .   1  -2^  xlo  xTo5^  =  '°^50  lbs.  thrust. 

The  loss  by  slip  is  i5i_50 Ai^        .        ,        .        =    1045  lbs. 

'^  100 


The  actual  power  on  the  thrust .        .        •         9405  lbs. 

The  Indicated  Kome-Power  required  to  exert  a  given  Thrust  or 

power  on  a  thrust-block,  may  be  found  by  the  following  Rule : — 

Indicated  horse-power  = 

pressure  in  lbs,  on  the  thrust-block  x  pitch  x  revolutions 

33000 

Example:  What  indicated  horse-power  would  be  required  to  exert  a 
force  or  thrust  of  27500  lbs.  on  a  thrust-block,  with  a  screw-propeller  of 
20  feet  pitch,  making  60  revolutions  per  minute  ? 

Then  17500  lbs,  thrust  x  20  pitch  _x  60  revolutions  ^  ^^  indicated 

33000 
horse-power. 

If  the  slip  be  10  per  cent.,  the  power  lost  will  =-^-?^ — L  =  100  horse- 

100 

power,  and  the  power  actually  employed  will  =  1000  —  100  =  900  indicated 
horse-power. 

The  Percentage  of  the  Whole  Power  which  is  applied  to  the 
Thmst-Block  to  pnsh  the  Vessel  ahead  may  be  found  as  shown  by 
the  following  example. 

Example :  The  power  on  a  thrust-block  is  16500  lbs.,  the  speed  of  the 
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ship  is  10*84  knots  per  hour,  with  a  screw-propeller  20  feet  pitch,  making 
60  revolutions  per  minute,  the  engines  developing  1000  indicated  horse- 
power. What  percentage  of  the  power  as  actually  applied  at  the  thrust- 
block  in  pushing  the  ship  ahead,  including  the  power  lost  as  slip  ?  What 
power  is  applied  at  the  thrust-block,  and  what  power  is  lost  by  slip  ? 

Then,  the  knots  run  by  the  engine  are  = — f-o~c — ^  =  ^  ^'^4  knots. 

The  percentage  of  speed  lost  by  slip  is  =  ^~^'R  — ~  =  ^'5 
per  cent. 

The  power  used,  in  percentage  of  the  available  power,  is= — 5 9..    9 

^  '^  1000x33000 

X  100  =  60  per  cent. 

The  loss  by  slip  =  -^-^ — 5  =  5*1  per  cent. 

100 

The  actual  power  at  the  thrust- block,  in  percentage  =  60  —  5*1  =  54*9 

per  cent. 

1000  X    i^J-'O 

The  actual  power  applied  at  the  thrust-block  =  5Jl_z.— j^^horse- 

power. 

1000  X  ^*  I 
The  power  lost  by  slip  = ^ — =  51  horse-power. 

Th«  Bxue&yoe  of  a  Sorew-Propeller  being  oblique  to  the  direction  of  the 
thrust,  the  area  of  the  screw-disc  is  less  effective  for  thrust  than  an  equal 
area  of  feathering  float  with  the  same  slip.  The  following  formula,  given 
in  another  form  by  Rankine,  gives  approximately  the  area,  A,  ot  an  equiva- 
lent pair  of  paddle-floats,  which  will  be  equal  to  the  effective  area  of  the 
8crew-disc  of  a  given  diameter,  when  the  pitch  is  between  '9  D  and  2*1  D. 

Let  P  =  the  pitch  of  the  screw-propeller. 
D  =  the  diameter  of  the  screw-propeller. 
B  =  the  diameter  of  the  boss. 


Then  A  =  (7854  -  --^)  x  (D«  -  B«) ; 
or  A  =  (7854  -  -^)  (D  +  B)  (D  -  B). 


Example :  The  diameter  of  a  screw-propeller  is  20  feet,  and  the  pitch  is 
21  feet,  the  diameter  of  the  boss  is  4  feet :  what  is  the  equivalent  area? 

Then  7854  -—^~  =  "5754  and  20"  -  4"  =  384,  and  -5754  x  384  = 

5  X  20 

220-9536. 

The  Thmst  in  lbs.  of  a  8or«w-P)ropell«r,  T,  may  be  found  by  this 
Rule:-- 

T  =  5*66  X  the  slip  in  knots  per  hour  x  speed  of  the  propeller  in  knots 
per  hour  x  the  equivalent  area  of  stream  or  column  of  water  sent  astern, 
which  may  be  found  by  the  previous  rule. 

Example :  The  screw-propeller  described  in  the  previous  example  makes 


SCREW-PROPELLERS.  349 

60  revolutions  per  minute,  the  speed  of  the  ship  is  10  knots  an  hour,  and 
the  equivalent  area  of  stream  is  220*95,  as  found  in  the  previous  example  : 
what  is  the  thrust  in  lbs  ? 

Then  "  pitch  X  60  revolutions  X  60  ^  ^^.^^^  ^^  ^^^^^  ^j  ^j^^  p^^p^j,^^ 

in  knots  per  hour. 

And  12*41  knots  —  10  knots  =  2*41,  the  slip  in  knots  per  hour. 

Then  5*66  x  241  slip  x  i2'4i  speed  of  propeller  x  220*95  equivalent 
area  =  37468*46  lbs.  thrust. 

If  fresh  water,  use  a  constant  of  5*5  in  the  above  rule  instead  of  5*66, 
which  is  for  sea-water. 

Korse-Power  lost  T17  slip  of  a  Screw-Propellfir. — In  addition  to 
other  losses  in  eflFecting  the  propulsion  of  a  screw-steamer,  the  j-ielding  of 
the  column  of  water  on  which  the  screw-blades  act,  is  a  loss  of  power  equal 
to  the  product  of  the  thrust  by  the  difference  between  the  advance  of  the 
ship  and  the  speed  of  the  screw.  Applying  this  to  the  previous  example, 
the  loss  of  work  by  slip  in  actual  horse-power  is  as  follows : — 

2*41  slip  X  6080  feet  41.     v    •    r    *.  •     ^ 

_5 — — 1_- =  2^4*2i,  the  slip  m  feet  per  mmute, 

60  mmutes 

J  ^7468*46  lbs.  thrust  X  244*21        _^.      ,  ^  1    ^  u     i« 

and  ^^ — — — =  277*27  horse-power  lost  by  slip. 

KorM-power  required  to  drive  a  Screw-PropeUer.-  Effective  horse- 
power is  the  proportion  of  the  indicated  horse-power  available  for  perform- 
ing useful  work  after  deducting  the  power  absorbed  by  friction.  In 
the  case  of  steamships  it  is  found  that  only  about  38  per  cent,  of  the  indi- 
cated horse-power  is  utilised  or  effectively  allied  in  the  thrusting-force 
of  a  screw-propeller  in  propelling  a  ship.  The  effective  horse-power  re- 
quired to  drive  the  propeller  described  in  the  two  previous  examples  may  be 
found  as  follows  : — 

21  feet  pitch  x  60  revolutions  x  ^7468*46  lbs.  thrust       .     ^.^ 

i- ii-3 — z =  1430*04    nett,   or 

33000  ^^ 

effective  horse-power  required  to  drive  the  screw-propeller ;  and  the  total  or 

100 
gross  indicated  horse-power  required  will  be  =  1430*64  x  —^  =  3764*84 

horse-power. 
Koree-Power  lost  in  propelling  a  Ship  with  a  Screw-Propeller. — 

The  difference  between  the  effective  horse-power  and  the  indicated  horse- 
power found  in  the  previous  example  =  3764*84  —  1430*64  =  2334*2  horse- 
power represents  the  loss  of  power  which  takes  place  in  propelling  a  screw- 
steamer  though  the  water,  equal  to  ^^3^   4  x  100  _.  5^  p^^  ^g^j   Qf  ^jj^ 

2334-2 
total  power  expended. 

The  &esistanoe  of  a  Ship's  Model  determines  the  resistance  of  the 
ship  and  the  horse-power  required  to  propel  it.  Mr.  Froude  found  that  for 
two  vessels  of  similar  forms,  as,  for  instance,  a  ship  and  her  model,  the 
corresponding  speeds  are  to  one  another  as  the  square  roots  of  the  similar 
dimensions ;  and  at  these  corresponding  speeds  the  resistances  of  the  two 
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vessels  are  to  one  another  as  the  cubes  of  the  similar  dimensions,  or  as 
their  volumes.  •  The  resistances  may  be  calculated  as  shown  by  the  follow- 
ing example. 

Example :  Required  the  resistance  and  horse-power  necessary  to  propel 
a  ship  360  feet  long,  at  a  speed  of  15  knots  per  hour.  Then,  if  the  model 
of  the  ship  be,  say,  12  feet  long,  its  speed  corresponding  to  that  of  the  ship 
will  be  =  15  knots  X    ^"  feet  length  of  model  ^  .^3  ^^^     ^^^^^   „ 

V  360  feet  length  of  ship  ^ 

the  resistance  of  the  model  at  that  speed  =  say  4* 2  5  lbs.  the  resistance  of 

the   ship  at   15  knots  per  hour  will  be=f    360  feet  length  olshrp^V  ^ 

\\2  feet  length  of  model  / 
4*25  lbs.  =  1 14750 lbs. ; 

«•  ^f.^  .  ,«     «^  ^^A  30 X 30x30X4*2 5  lbs.  X  15  knots X  6080 feet 
or,  ^00-7- 1 2  =  ^o,  and  "^ ^ ^ — ^ ^r-^ = 

^  ^  33000x60 

5281  effective  horse-power. 

The  Speed  of  a  Steam-ship  in  Knots  per  Hour,  due  to  a  given 
Pitch  and  Speed  of  Screw-Fropeller  may  be  found  by  the  following 

Rule  :— 

Multiply  the  pitch  of  the  propeller  in  feet  by  the  number  of  revolutions 
per  minute  and  by  60,  and  divide  the  product  by  6080. 

Example :  The  pitch  of  a  screw-propeller  is  20  feet,  and  its  speed,  or 
number  of  revolutions,  is  62  per  minute,  how  many  knots  will  the  ship  go  per 
hour,  making  no  allowance  for  slip  1 

The  ship  advances  at  each  revolution  of  the  screw  20  feet. 

The  ship  advances  in  one  minute  20  x  62  =  1240  feet. 

The  ship  advances  in  one  hour  20  x  62  x  60  =  74400  feet. 

rrx.            ^   •     1    ^*            u^,«       speed  in  feet  per  minute  x  60 
The  speed  m  knots  per  hour  =  -^s-—- = — - — /- ; — ^ ^ 

length  of  a  knot  m  feet 

20  feet  X  62  revolutions  x  60       ,  ^.^^  ,  „  .^ ^^^  ,  ^„^ 
T-TT — ;; =  12  2^  knots  per  hour. 

6080  feet.  ^  ^ 

The  Life  of  a  Screw-propeller  depends  greatly  upon  its  resistance  to 
corrosion  and  corrosive-pitting,  caused  by  air  drawn  down  to  the  back  of 
the  propeller,  the  backs  of  the  blades  being  most  affected.  Corrosion 
blunts  the  blades,  increases*  friction,  and  causes  loss  of  power.  Gun-metal 
has  great  resistance  to  corrosion,  and  a  gun-metal  propeller  may,  excepting 
accidents,  last  as  long  as  the  ship.  Cast-iron  blades  are  liable  to  corrosive- 
pitting,  and  require  to  be  renewed  on  an  average  every  six  years.  Steel 
blades  are  more  liable  to  corrosive-pitting  than  cast-iron ;  and  are  less  true 
to  form,  owing  to  being  liable  to  twist  both  in  casting  and  annealing ;  they 
require  renewal  on  an  average  every  three  and  one-half  years. 

The  Besistance  of  a  Screw-propeller  to  Friction  decreases  as  the 
sectional  area  of  the  blade  decreases,  and  as  the  smoothness  and  accuracy 
of  the  blade  increases. 

Fronde's  Formnln  for  Screw-PropeUers  are  as  follows : — 

Indicated  thrust. 

Let  I  =  indicated  thrust ;  m  =  mean  piston-pressure ;  t  =  total  piston- 
travel  per  revolution ;  p  =  pitch  of  screw-propeller ;  n  =  number  of  revolu- 
dons ;  ihp  =  indicated  horse-power. 

— .  '^^'^  ^  33000 X IHP 
"~       P  PXN 


I. 
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Indicated  thrust  is  resolved  into  the  following  six  elements  :«- 

No.  I.  The  ship's  nett  resistance,  or  useful  thrust 

No.  2.  Augment  of  resistance  due  to  negative  pressure  created  about  the 

ship's  stern  by  the  action  of  the  screw.    This  is  nearly  pro- 
portional to  the  useful  thrust.         • 
No.  3.  Water  friction  of  screw.    This  is  also  nearly  proportional  to  the 

useful  thrust. 
No.  4.  Constant  friction,  or  friction  of  engine  without  external  load. 

This  may  also  be  taken  as  nearly  proportional  to  the  useful 

thrust. 
No.  5.  Friction  due  to  external  load.    This  may  be  taken  as  constant  at 

all  speeds. 
No.  6.  Air-pump  and  feed-pump  resistance.   This  may  be  taken  as  nearly 

proportional  to  the  square  of  the  number  of  revolutions. 

The  above   six   elements  are  force-factors,  and  when  multiplied   by 

the  speed  of  the  ship  in  feet  per  minute         *•*.  4    .u     1 .  .   1 

*- ^- *- constitute  the  ship  s  horse-power  as 

33000 
fundamentally  due  to  the  progress. 

Let  KHP  =  effective  horse-power — ^that  is,  the  power  due  to  the  nett  re- 
sistance of  the  ship ;  SHP=ship's  horse-power ;  ihp=:  indicated  horse-power. 

Then  the  ship's  horse-power  due  to  the  several  elements  is  as  follows : — 

Ship's  horse-power  due  to 


No.  I  =  EHP. 
No.  2  =  '4  EHP. 
No.  3  =  'I  EHP. 


No.  4  =  'I43  SHP. 
No.  5  =  '143  SHP. 

No.  6  =  '075  SHP. 


Or  in  combination  shp=i'5  ehp  -H  '361  shp.     So  that  '639  shp  =  1.5  khp; 

1*5 
or,     SHP  =  -7-<-  EHP  =  2*347  khp  : 

•639  ^^^ 

To  this  must  be  added — Slip  =  'i  shp.,  making  ihp  =  i'i  shp. 

TOO 

Thus  ihp  =  2*582  EHP  =  -^  ehp;  or,  ehp  =  '387  ihp. 

To  convert  the  formula  from  one  adapted  to  high  speed  only  to  one 
adapted  to  all  speeds,  it  is  necessary  to  keep  the  term  involving  constant 
friction  separate  from  the  rest,  for  it  represents  simply  the  effect  of  a 
constant  resistance  operating  with  the  existing  speed  of  the  engine. 

In  shaping  the  formula  the  co-efficient  27,  derived  from  experience, 
will  be  adhered  to,  instead  of  the  co-efficient  2"582,  as  the  latter  is  built  up 
from  somewhat  hypothetical  data,  assuming,  however,  that  the  constant 
friction  is  equal  throughout  to  one-seventh  of  the  maximum  load. 

Of  the  27  ehp  which  make  up  the  ihp  at  the  maximum  speed  v,  one- 
seventh  part,  or  '385,  is  the  part  due  to  constant  friction,  leaving  2*315  as 
due  to  the  other  sources  of  expenditure  of  power.  And  to  express  the  ihp 
due  to  constant  friction  at  any  other  speed  v,  the  coefficient  must  be  altered 

in  the  direct  ratio  of  the  speed,  so  that  the  term  becomes  —  x  '385  x  ehp 
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at  designed  maximum  speed.    Thus  the  formula  for  ihp  at  any  speed  v  is 
as  follows : — 

iHP  =  2-315  EHP  -h  -385  —  X  (ehp  due  to  v) ; 

or,  if  the  useful  is  finally  severed  from  the  collateral  expenditure  of  power, 
it  stands  thus  : — 

iHP  =  ehp -h  1*31 5EHP  +'385  ~  X  (ehp  due  to  v). 

Thorn's  Formiiln  for  Scrow-Propellerfl,*  given  below,  are  based 
upon  the  assumption  that  the  area  of  propeller-disc  should  be  proportional 
to  the  indicated  horse-power,  divided  by  the  cube  of  the  speed,  and  the 
same  rule  applies  to  the  projected  area  of  the  propeller  and  also  to  the 
surface.  In  this  way  constants  can  be  obtained  for  the  disc-area,  the 
projected-area  and  the  expanded  area  as  follows : — 

Disc-area  constant  =  Area  of  propeller  disc  x  speed  of  ship  in  knots^ 

Indicated  horse-power 

Projected-areaconstant=  PEgJiCjedireaof  propeller  x  speedof  shipinknots3 

Indicated  horse-power 
Expanded  area  \  _  Expanded-area  of  propeller  x  speed  of  ship  in  knots^ 
constant        J  Indicated  horse-power 


Table  87. — Particulars  of  Screw-Propellers  and 

Constants. 

Ship. 

Length  of 
Ship. 

Disc 
Constant. 

Projecting 

Surface 

Constant. 

Feet  per 

Sec.  Speed 

per  lips. 

Remarks. 

City  of  Rome  . 
Normandie 
Furnessia    .     . 
Eden 

Yorouba     .     . 
Taygete  . 
Kow-shing  .     . 
S.  Y.  Monarch 

„     Aries 
Twin-screw   ") 

Fenella.      ) 
Twin-screw  ") 

H.M.S.        \ 

Fearless.     ) 

542 

459 

445 
300 

270 

260 

250 

152 

138 

ZOO 

220 

220 

250 

223 

211 

213 

238 

171 

221 

179 

244 

277 

^9 

66 
69 

64 

63 
56 

65 
56 

64 
67 

4715 
4099       1 

3654 
3080 

3202       ' 

3166 

3369       ' 
4040 

2986 
2890 

5022 

r 

1 

Single  Screw- 

j     propeller. 

i 

1 
) 

C  Estimated  with   a 
\      speed     of     17-5 

1  a""'  '"^ 

The  Speed  of  a  Steam-sliip  may  be  found  by  the  following  formuiac- 
which  are  based  on  the  assumption  that  the  resistance  offered  by  the  water 
to  the  motion  of  a  ship  varies  as  the  square  of  the  speed,  and  that  the 
power  required  to  overcome  this  resistance  varies  as  the  cube  of  the  speed, 
which  is  not  quite  correct,  because  the  indicated  power  varies  as  a  higher ' 

*  See  a  Paf>er  on  **  Atlantic  Steamers  "  read  by  Mr.  Wm.  John  before  the  Institution 
of  Naval  Architects. 
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power  than  the  cube  of  the  speed,  but  the  Rules  are  useful  for  arriving  at 
an  approximation  of  the  speed. 

_  I  H  P  X  constant 
Speed     -  "Displacement*  ' 
_      I  H  P  X  constant 
pee       —  ^j.^^  ^£  midship  section 
^                Speed  *  X  displacement  * 
Constant=  -^ TirP * 

P      .  Speed  ^  X  area  of  midship  section 

I  H  P 
Where  I  H  P  =  the  indicated  horse-power : — 

•Displacement  *  =  ^/(displacement)  •. 

Example :  Required  the  constants  for  a  steam-yacht,  fitted  with  engines 
of  800  indicated  horse-power,  having  a  speed  of  1 2  knots  an  hour ;  a  dis- 
placement of  850  tons;  the  area  of  immersed  midship  section  being  273 
square  feet.  ,  ^     _  ^     . ,. — 

Then  constant  =  "'  knots x  8501^1728  x  V850X 850^1728  x  90^ 

800  8cx)  1  H  P  800 

104  constant.  '  ,  r  ^ 

A    J                    1 2 «  knots  X  273  square  feet     1 728  x  273     ^^^  ^^««*«  ♦ 
And  consunt  = goo  I  H  P =      800  '^=59o  constant. 

The  Spaed  may  be  found  with  the  above  constants  as  follows  : — 
Speed  »  =  ?5?Lii?  P  x  194  constant^     155200    ^iSS^oo _^j 
=  12  knots  85ordrsplacement  ^^850x850         90 

Speed  ^  =  800  I  H  Px  5jg^4_72ooo^,y,y,8=i2  knots. 
273  square  feet        273 

The  Indicated  Korse-Power  required  to  Propel  a  Ship  may  be 

found  by  the  converse  of  the  previous  formulae : — 

Indicated  horse-power  of  engines  =  ^P^^^  '  x  jisplacementj^ 

^  ^  Constant 

Indicated  horse-power  of  engines =^P^^^'  ^  ^'^^  ^^  "^^^^^'P  ^^^^^^^ 

^  ^  Constant 

Taking  the  particulars  from  the  previous  example,  the  horse-power  of  the 

engines  required  to  propel  that  steam  yacht,  will  be  = 

I2»j<^^i75i>^^  indicated  horse-power. 

O^^  i2»  X  273  square  feet^i728  x  273^800  indicated  horse-power. 

590  590 

The  Indicated  Konie-Power  and  IMeplacement  of  a  number  of 
Modem  Steamehipe  is  given  in  Table  88*,  which  also  gives  the  mid- 
ship-area, the  speed  on  trial  trips,  the  co-eflBcients  for  the  lines  both  from 
the  block  or  parallelopipedon,  and  also  from  the  midship  section  prism, 
together  with  the  length  and  angle  of  entrance  obtained  by  Kirk's  rule, 
the  Admiralty  displacement  co-efficient,  and  the  coal-consumption  per  day 
and  per  indicated  horse-power  per  hour.  This  table  contains  particulars 
of  some  of  the  most  important  of  the  Atlantic  steamers,  and  also  of  a 

*  The  Author  is  indebted  for  thb  Table  to  a  paper  on  "Atlantic  Steamers,"  read  by 
Mr.  Wm.  John  before  the  Institution  of  Naval  Architects. 

A  A 
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Table  88. — ^Dimensions,  Moulded  Draught,  Midship-Area,  Displace- 
ment, Indicated  Horse- Power,  Speed,  Block  Co-efficient,  Midship 
Section  Co-efficient,  and  other  useful  Data  of  Modern  Steam- 
Ships. 


Name. 


City  of  Rome  . 
Nonnandie .       .    . 
Furoeaua 

Arjiona  .    . 

Orient 

StMing  Caitle     .    . 
Elbe         •        •        • 
Pembroke  Caiitle 
Umbriaand  Etniria 
Aurania   . 
America  .    . 

Oroson    •       •       . 
Servia .        •       .    . 
Scotia,  P.S*     • 
Alaika  .    . 

AHcr        . 
Ems    • 


Length. 

ft. 

in. 

54« 

6 

459 

4 

445 

0 

45© 

0 

445 

0 

4ao 

0 

490 

0 

400 

0 

500 

0 

470 

0 

441 

8 

50X 

0 

5«5 

0 

369 

0 

500 

0 

438 

0 

430 

0 

8 


ft.  in. 

5a  o 

49  " 

44  6 

*l  '* 

46  o 


50 
44 
4a 
57 
57 
5« 
54 
5a 
47 
50 
48 


o 

9 
o 

o 

o 

3 

a 
o 
6 
o 
o 


46  10 


1^ 


^S-o 


1^ 

1^ 


c 


Speed. 


ft.  in. 

at     5! 

X03X 

19    9I 

^ 

aa    a| 
18    9 

P^ 

ai    4k 

904 

aa    3 

ao    0 

8? 

17    0 

648 

aa    6 

X090 

ao    0 

xoao 

a3    8 

xxjo 

•3    3* 
19    9 

'aj 

ai    0 

949 

ax    0 
ao    7I 

1^ 

".aao 

7.975 
8.578 

6,4»S 

7.770 
7,600 

6,350 

i,8oo 
6,500 

XXfOOO 

10,960 

6,000 

9,aio 

7.447 
7,030 


xx,890 

6.959 
4.045 
6,300 

5>433 


5.005 
a,435 
3ax 
500 


1: 


1 13.300 
1 10,300 

'  7.974 

7.a5i 


i8a3S 
x6'66 

«4 

«7 
ij-538 

i§-4 

x6*57x 

i3a5 

ao'xS 

*I7'8 

x8-3 
•x6-9 
•14-31 

i7'9 
«7'55 


i 


c 


•649 
•614 

'68a 

*6ai 
•569 
•59« 
'603 

•538 
•575 

'599 
*6io 

•605 
•614 
•590 
•593 


•935 
'901 

■^ 

•019 
*889 

'^' 

•6a3 

'896 
•94a 

•899 
•907 


City  of  Rome 

Nonnandie 
Fumessta . 
Axisona. 

Orient 

Stirling  Castle 

Elbe.  . 
Pembroke 

Castle 
Umbria  and 
Etruria 

Aturama. 

America    . 

Oregon  . 

Servia 
Scotia,  P.S 


Alaska 
Aller      . 
Ems  . 


% 


Kirk's  system. 


Coal  con- 
sump- 
tion. 


a- 

< 


•70a 

«55 

*68x 

•755 
-658 

a65 
a84 
a69*a 

•676 

a70-8 

•639 

986*8 

•65s 

9755 

•6»a 

a84 

•637 

960 

•632 

a66 

•67 

aa7'9 

•71 
■65 
•679 

931 
ao8'9 

•656 

277 

•65a 

273 

301*3 

319s 
373 

3x7 
aas 

a33'7 
339 

asS 
191*8 

ao4*6 

190 

X93 
x86 

335 
333 


a« 


Pi 


& 


161*37 

8^  39' 

146*41 

8' 44' 

io8'7 

xo'  38' 

I53^79 

7*30' 

X44'X7 

8*91' 

X5«"3 

8*  aa' 

144^6 

7' 56' 

133*9 

8-49' 

184 

e  59' 

170 

8*  38' 

164-3 

9-39' 

«45*3 

xo-  49' 

136*8 

13'  ax' 

160*33 

8*    a' 

150*6 

8*  xo' 

149*4 

8*40' 

185     3*3 

148    a 
97    a'a 


44;  x'7 

3x5   a*x 

! 
315   3*3 

I 

310     3 '3 

I 
305     3 

x68   3-4 


Cylinders. 


Diameter. 


(  3  @    46  j 
(3  ®    86) 


Inches. 
3  ® 
3  @ 
/  3  @  35A  f 
\3@74l« 
49 — 100 
1  9    69) 


11 


Ins. 
7a 

67 
66 

66 
60 
66 
60 

57 
73 
7a 
66 
73 
78 

73 
73 
60 


Boilers. 

Heating 
surface. 

Bar 
surface. 

39,386 

1398 

31,404 

756 

10,396 

440 

31,161 

787 

7,896 

388 

38.817 

x6o6 

a3,a84 

1001 

— 

883 

38.047 

1438 

a7.483 

1014 

33,630 

799 

19.700 

780 

lbs. 

90 

85*3 

90 

90 

75 
100 

99 
xio 


xxo 


xoo 
150 
100 


*  Mean  speed  of  a  voyage  across  the  Atlantic  Ocean, 
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number  of  other  typical  ships.  The  co-efficient  given  in  the  fourth  column 
of  the  bottom  half  of  the  table,  viz.  \^ 

Displacement  fx  speed* 

Indicated  horse-power  x  ^/entrance 

10 

generally  comes  out  for  ships  of  similar  type  mora  nearly  a  constant  in  ihe 
true  sense  of  the  word  than  the  corresponding  Admiralty  constant. 

The  Admiralty  Knot  =  6080  feet :  i  statute  mile  =5280  feet.  The 
length  of  a  knot  is  sometimes  taken  at  6082*66  feet,  and  also  at  6086  feet. 

The  Speed  of  a  Ship  in  knots  x  1*15  =  miles. 

The  speed  of  a  ship  in  miles  x  "87  =  knots. 

The  speed  of  a  ship  in  feet  per  minute  x  'Oi  =  knots  per  hour. 

One  knot  per  hour  =  i'688  foot  per  second. 

One  knot  per  hour  =  '5144  metre  per  second. 

One  metre  per  second  =  1*944  knot  per  hour. 

One  foot  per  second  =  '592  knot  per  hour 

One  foot  per  second  =  '682  mile  per  hour. 

The  most  Eoonomioal  Speed  f6r  a  Steamer  going  up  a  Biver 
down  which  the  tide  is  coming,  is  half  as  fast  again  as  the  tide.  The  pro- 
gress made  by  the  ship  per  hour  will  be  equal  to  the  difference  between  the 
speed  of  the  ship  per  hour  and  the  velocity  of  the  tide  or  current  per  hour. 

Example :  A  steamer  is  going  up  a  river,  down  which  the  tide  is  coming 
at  3  miles  an  hour :  how  fast  must  she  steam  and  what  progress  will  she 
make  per  hour  ? 

Then  3x1=4*5  miles  per  hour,  the  speed  required,  and  the  progress 
will  be  4-5— 3=  li  mile  per  hour. 

The  Vnmber  of  Bevolntione  of  a  Shaft  vary  ae  the  Cube  of  the 
Speed.  The  following  examples  show  the  application  of  this  Rule,  which 
applies  to  all  similar  questions  : — 

Example  i :  The  number  of  revolutions  of  the  crank-shaft  of  a  marine- 
engine  are  40,  and  the  speed  of  a  ship  is  8  knots  per  hour :  what  will  the 
speed  be  if  the  number  of  revolutions  be  increased  to  50  ? 

Let  V  be  the  required  speed.     Then ---=^. 

.•.V»  =  5?x  8^=640. 
40 

.-.  V=  J/640=8-6i7  knots. 

Example  2 :  The  horse-power  of  a  pair  of  marine-engines  is  500,  and 
the  speed  of  the  ship  is  9  knots  per  hour ;  it  is  required  to  increase  the 
speed  to  12  knots :  what  power  of  engines  will  the  ship  require  ? 

Then52^^ili!=ii85  horse-power. 

Example  2'  With  a  pair  of  marine-engines  of  1185  horse-power  a 
steamship  has  a  speed  of  12  knots  an  hour:  what  will  be  the  speed  of  the 
ship  when  the  engines  are  developing  only  500  horse-power  ? 

Then  i5^^il!=  !{/72^=9  knots  per  hour. 
Example  4  :  If  a  pair  of  marine-engines  of  900  horse-power  give  a  ship 

A  A  2 
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a  speed  of  9  knots  an  hour,  what  speed  will  be  obtained  with  new  engines 
of  1 400  horse-power  ? 

Then-ii22 — 2.  =^i  134=  10*428  knots  per  hour. 

Example  5  :  A  steamship  has  four  boilers ;  when  two  of  them  are  in  use 
the  speed  of  the  ship  is  8  knots  an  hour :  what  will  be  the  speed  when  three 
boilers  are  used,  and  also  when  all  the  four  boilers  are  used  ? 

Then  2J^ =V  7^8 =9*  158  knots  per  hour,  the  speed  with  three  boilers. 


2 


And 


^  =  i/i024=:  10*079  knots  per  hour,  the  speed  with  four  boilers. 

2 


The  Vambar  of  BevolntionB  of  a  Screw-Propeller  per  Znot,  if 

there  were  no  slip,  would  be=  -— ?--^-^— . 

^  Pitch  m  feet 

The  Vomber  of  Bevolntione  of  a  Screw-Propeller  per  Eovr, 

if  there  were  no  slip,  would  be  =  __ ?--^-5?—  x  number  of  knots  per  hour. 

Pitch  m  feet 

The  Vomber  of  Bevolutioiui  of  a  Screw-Propeller  per  Hour  in- 
cluding SUp  =  ^Q8ox  (100 -f  slip)  ^  number  of  knots  per  hour. 

Pitch  in  feetx  100 

Example:  A  steamship  is  to  have  a  speed  of  14  knots  per  hour ;  the 
pitch  of  the  screw-propeller  is  20  feet :  at  what  speed  must  her  engines  run, 
assuming  a  slip  of  1 5  per  cent.  ? 

Then,  if  there  were  no  slip,  the  number  of  revolutions  of  the  screw- 
propeller  would  be  =  -5-?  =  304  revolutions  per  knot. 

Assuming  15  per  cent,  slip  the  number  of  revolutions  of  the  screw- 
propeller  will  be  =  ^5§^1^J =349-6  revolutions  per  knot. 
^    ^  20  X  100 

And  349'6  revolutions  per  knot x  14  knots=4894*4  revolutions  of  the 
screw-propeller  per  hour,  or  4894'4-r-6o=8i'57  revolutions  per  minute,  the 
speed  at  which  the  engines  must  run. 
Twin  Screw-Propellere,  shown  in  Fig.  3i4>  are  used  when  the  draught 

of  water  is  not  sufficient  to  permit  a 
single  screw  of  sufficiently  large  diameter 
to  be  used.  One  advantage  of  twin-screws 
is,  that  in  case  of  accident  to  one  of  them, 
the  other  screw  can  be  used  for  propelling 
the  ship  at  a  reduced  speed :  another  is, 
that  by  working  one  of  the  screws  ahead, 
and  the  other  astern,  the  ship  can  be  turned 
in  her  own  length,  and  in  case  of  loss  of 
the  rudder  the  ship  can  be  steered  by  the 

engines.    Three  and  four  screws  are  aJs  ^ 
used. 
Feathering  Screw-Propellem  are  so 

arranged  that  the  blades  can  be  moved  to 
a  nearly  fore  and  aft  position,  without 
stopping  the  ship,  in  order  to  remove  the  resistance  which  the  screw-pro- 
peller would  offer  to  the  advance  of  the  ship  when  under  sail.    The  boss 


Fig.  3x4. — Twin  screw-propellers. 
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of  the  propeller,  and  also  the  propeller-shaft,  is  made  hollow.  Each  blade 
ia  fitted  to  the  boss  with  a  round  shank,  to  which  a  lever  is  fixed,  and 
connected  to  a  shaft  inside  the  screw-propeller  shaft ;  the  forward  end  of 
the  shaft  is  connected  to  a  collar,  which  can  be  moved  along  the  shaft 
by  a  nut  screwed  on  the  outside  of  the  propeller- shaft. 
A  Pitolionutar,  shown  in  Fig.  315,  is  an  insUument  for  measming  the 


patch  of  a  screw-propeller  in  its  place :  it  enables  (he  pitch  to  be  quickly 
ascertained  without  calculation. 

It  is  based  on  ihe  ordinary  rule  used  in  measuring  screw-propellers, 
that  is : — 

Fraction  of  Pilch  _  Fraction  of  Circumference 
Whole  Pilch  Whole  Circumference 

If  then,  the  angle  between  the  legs  of  the  instrument  be  made,  3  certain 
definite  fraction  of  the  whole  360°  the  fractional  pitch,  as  measured  by  in- 
serting the  reading  bar  at  a  and  b,  and  taking  the  difference  of  the  distances 
to  the  face  of  the  propeller,  will  bear  the  same  ratio  to  the  whole  pitch. 

In  the  device,  as  actually  constructed,  the  angles  are  7j°  and  15°,  or 
^th  and  -jijth  of  the  whole  circumference,  so  that  the  fractional  pitch 
measured  will  be  -jVh  or  jSjth  of  the  whole  pitch.  Since  this  is  always  the 
case,  if  the  reading-bars  be  graduated  lo  scales  of  jin.=  i  foot,  and  |  inch 
=  I  foot,  the  whole  pitch  in  feet  and  inches  can  at  once  be  read  off. 

For  eaample,  suppose  the  readings  at  a  and  b  are  actually  6  inches,  and 
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ii\  inches,  the  difference  is  6}  inches;  and  as  the  ratio  here  is  ^,  the 
whole  pilch  =  25  feet.  With  graduated  scale  of  J  inch  =  i  foot,  the 
readiiigs  would  have  been  24  feet,  and  49  feel,  or  pitch  =  25  feet. 

This  instrument  can  be  used  for  screws  of  uniform  pitch,  or  pitch 
expanding  from  the  boss  to  the  periphery,  but  not  for  those  where  it 
expands  from  the  entering  to  the  leaving  edge  of  the  blades. 

A  Benw-StAeriag  Propallar  or  Suddoz^Asrav  is  shown  in  Fig,  316. 

It  consists  of  a  small  screw-propeller  placed  exterior  to  and  aft  the  rudder. 

The  shaft  of  the  rudder-screw  is  carried  in  a 

bearing   fixed  on   the   rudder  ;    it  is  cased 

with  gun-metal    and    runs    in    lignum- vitas 

bushes.    The  thrust  of  the  screw  is  taken, 

through   gun-metal  collars  and  lignum-vitte 

bearings,  by  the  rudder.    The  rudder-screw 

makes  revolution    for  revolution    with   the 

screw-propeller  of  the  ship,  the  shaft  of  each 

propeller  being  coupled  by  a  universal-joint, 

which  enables  the  axis  of  the  rudder-screw 

to  be  placed,  by  a  force  actitig  on  the  rudder, 

at  any  angle  less  than  55  degrees  with  the 

axis  of  the  screw-propeller  of  the  ship.    A 

rudder-screw  enables  a  ship  to  be  turned 

quickly  and  to  make  a  complete  circle  in 

about  one-half  the  diameter  required  with  a 

rudder  alone.    A  rudder  acts  by  resistance, 

and  only  while   the   ship  is  in  motion :   a 

TiK    316.— Kuniudter'ucrew-ueering    ruddcr-screw  IS  a  motive  power  in  turning 

propiitar,  or  nidder-screw.  the  hull  the  instant  the  shaft  revolves,  and 

before  the  ship  attains  the  speed  necessary 

to  bring  the  rudder   into   play,  and   it  gives  great  manoeuvring  power 

to  a  ship, 

Badial  P»ddla-Wliaala  have  floats  fixed  rigidly  to  their  arms.  The 
resistance  offered  by  radial  floats  on  entering  and  leaving  the  water  is 
considerable :  the  whole  of  their  faces  is  presented  to  it,  and  they  lift  a 
quantity  of  water;  and  as  each  float  can  only  give  a  direct  stern  ward  motion 
to  the  water  when  in  a  vertical  position,  their  propulsive  efficiency  is  very 
small.  If  the  water  did  not  yield  to  the  pressure  of  the  fioats,  the  distance 
the  ship  would  be  propelled  at  each  revolution  of  the  paddle-wheel  would 
be  equal  to  the  diameter  of  the  circle  of  the  centre  of  pressure  of  the  floats 
X  3'i4i6  :  the  point  of  maximum  pressure  or  centre  of  pressure  is  at  one- 
third  the  depth  of  the  float  from  the  outer  edge.  The  slip  of  radial  paddle- 
wheels  is  from  jo  to  25  per  cent.,  and  they  are  not  nearly  so  efficient  as 
feathering  paddle-wheels. 

F«atheiiiig  P»ddl«-WIiMlji  have  the  floats  arranged  to  move  so  that 
they  may  enter  and  leave  the  water  in  a  nearly  vertical  position.  The  floats 
are  hung,  and  turn  on  pins  fixed  on  the  side  of  the  wheel,  to  which  arms 
are  attached,  connected  by  radius-rods  to  an  eccentric-strap,  which  works 
loose  on  a  feathering-stud  fixed  in  a  position  eccentric  to  the  wheel,  on  the 
outer  sponson  on  the  side  of  the  ship.  All  the  radius-rods  are  jointed  by 
pins  to  the  boss  except  one,  the  oriving  eccentric-rod,  which  is  bolted 
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rigidly  to  the  eccentric -strap  and  drives  the  strap  round  the  feathering- 
stud.  By  this  arrangement  the  floats  are  so  governed  by  the  eccentric  that 
their  faces,  while  immersed,  are  nearly  at  right  angles  to  the  surface  of  the 
water,  and  very  little  power  is  lost,  as  the  force  applied  to  the  float  is  nearly 
all  expended  in  direct  fore-  and  aft-thrust  on  the  water. 

The  centre  of  the  eccentnc-strap  and  the  feathering-stud  is  placed 
forward,  or  in  advance  of  the  paddle-shaft,  and  a  little  below  a  horizontal 
line  with  the  centre  of  the  paddle-shaft,  as  shown  in  Fig.  319,  in  which  the 
feathering-stud  is  two  inches  below  the  line  of  the  paddle-shaft. 

A  Faathermg  Paddle-wheel,  17  feet  diameter,  is  shown  in  elevation 
in  Fig.  317,  and  in  cross-section  in  Fig.  318.  The  arms  carrying  the  floats 
are  forged  in  dies  in  one  solid  piece  of  iron  without  weld,  and  are  machined 
all  over  the  bearing-surfaces ;  they  are  also  planed  parallel  where  they  fit 
into  the  boss,  the  grooves  of  the  boss  being  slightly  tapered  and  the  edges 
of  the  avms  correspondingly  bevelled,  so  that  as  each  arm  is  drawn  into  its 
place  by  the  bolts  it  is  fixed  very  securely.  The  bolts  are  relieved  from 
strain  by  joggles  forged  on  the  arms,  which  clip  the  ring.  The  arms  are 
if  inch  thick,  and  the  ring  is  8|  inches  wide  and  i^  inch  thick.  The 
floats,  which  are  9  feet  6  inches  long  and  3  feet  7I  inches  wide,  are 
curved  to  the  same  radius  as  the  wheel,  and  are  provided  at  each  end  with 
an  angle-iron  to  prevent  the  escape  of  the  water  laterally.  The  upper 
edge  of  each  float,  in  its  lowest  position,  is  immersed  18  inches  with  the 
steamer  at  load-draught,  and  there  is  a  space  of  12  inches  between  the 
inner  edges  of  the  floats  and  the  sides  of  the  vessel.  There  are  9  floats  to 
each  wheel,  six  of  which  are  f  inch  thick ;  while  of  the  other  three,  the 
centre  one  is  i|  inch  thick,  and  the  two  others  il  inch  thick, 
the  thick  floats  being  used  to  balance  the  engines.  The  feathering- 
stud  is  fixed  two  inches  below  the  line  of  the  paddle-shaft,  and  15 
inches  in  advance.  The  joints  of  the  feathering  -  gear  are  all 
bushed  with  lignum-vitae.  THie  curvature  given  to  the  floats  enables 
them  to  enter  at  a  better  angle  and  tends  to  prevent  the  back-action 
on  leaving  the  water,  reducing  the  evil  effects  due  to  the  fact  that  every 
part  of  the  wheels  below  the  centre-line  of  the  shaft  has  a  different  forward 
velocity.  These  paddle-wheels  are  fitted  to  several  steamers  noted  for  their 
high  speed,  they  do  not  lift  the  water  at  the  back  when  running  at  full 
speed,  and  if  the  door  at  the  side  of  the  paddle-box  is  opened  it  is  found 
that  the  box  only  contains  a  slight  mist. 

The  Biameter  of  a  Feathering  Paddle-wheel,  as  shown  in  Fig.  162, 
may  be  found  by  the  following  formula : — 

Let  S=the  speed  of  the  ship  in  knots  per  hour. 
R=the  number  of  revolutions  per  minute. 

D=the  diameter  in  feet  of  the  paddle-wheel  at  the  centres  of  the 
axes  of  the  floats. 

Then  D  =  ?-^3^ 

Example:  Required  the  diameter  of  a  feathering  paddle-wheel  for  a 
steamer  to  make  17J  knots  an  hour,  with  engines  making  33  revolutions 
per  minute. 

Then  lZliii-^=  17  feet  diameter. 
33 
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The  Vninber  of  Floats  may  be  found  by  dividing  the  circumference  cf 

the  wheel  in  feet  by  6.  Hence  the  above  wheel  will  require— ^^ ^  — 

o 

=8*9,  or  say  9  floats. 

The  iMgih  of  each  Float  is  usually  equal  to  about  \  the  breadth  of 
the  steamer ;  if  the  latter  be  28  feet  6  inches  the  length  of  float  for  the  above 
wheel  will  be  28*5  -^  3  =  9  feet  6  inches.  The  width  of  float  may  be 
equal  to  the  length  of  float  x  -382,  and  the  float  for  the  above  wheel  will  be 
=  9'5  X  '382  =  3*629  feet,  or  say  3  feet  7^  inches  wide. 

The  Vnmber  of  BevolntionB  of  a  Paddle-wheel  required  per  minute 
for  a  given  speed  of  a  steamer,  may  be  found  by  this  Xule : — 

p««/^^,f;/^««,  ^^^  •v.:^,,*^  Knots  per  hour  x  6080  feet 

Kevolutions  per  mmute  =^^. 7 ^ — r — r-- — ? 2 = • 

Circumference  of  wheel  m  feet  x  60  mmutes 

Example :  Required  the  number  of  revolutions  per  minute  of  the  engines 
of  a  steamer,  with  paddle-wheels  17  feet  diameter,  to  make  17^  knots  per 
hour. 

Then  '-^ -. — -^   =33  revolutions  per  minute. 

17x3-1416x60  '^  ^ 

The  Speed  of  a  Paddle-steamer  in  knots  per  hour  with  a.  given 
diameter  of  paddle-wheel  and  a  given  number  of  revolutions  per  minute, 
may  be  found  by  this  Rule : — 

Speed  in  knots ")  __  Circumference  in  feet  of  paddle-wheel  x  revolutions  x  60 
per  hour        )  ""  6080  feet  in  a  knot 

Example:  Required  the  speed  in  knots  per  hour  of  a  steamer  with 
paddle-wheels  17  feet  diameter  making  33  revolutions  per  minute. 

Then    X7  X  3-1416  X  33x60  ^         j^^^^^       ^^^ 
6080  feet  m  a  knot 

The  Speed  of  a  Paddle-Steamer  in  knots  per  hour  may  be  found 
approximately,  by  multiplying  the  circumference  of  the  paddle-wheel  in 
feet  by  the  number  of  revolutions  per  minute  and  dividing  the  product  by 
100. 

Example:  Required  the  speed  of  the  paddle-steamer  given  in  the 
previous  example  ? 

Then    i7X3'i4i6x33  _       g    ^^^^  per  hour. 

100  I     ^  V 

Jet-Propellers :  The  propelling  power  in  hydraulic  propulsion  is  derived 
from  the  reaction  of  jets  of  water.  The  water  is  drawn  through  orifices  at 
the  bottom  of  the  vessel  by  a  centrifugal  pump,  and  is  discharged  through 
orifices  either  at  the  sides  or  stem  of  the  vessel.  The  quantity  of  water 
projected  astern  should  be  as  large  as  possible  and  its  velocity  should  be 
as  small  as  possible,  in  order  to  obtain  the  utmost  efliciency. 

In  a  jet-propeller  considerable  power  is  lost  in  imparting  to  the  water 
which  enters  the  pump,  a  velocity  equal  to  that  of  the  ship :  and  also  from 
friction. 

A  trial  of  hydraulic  propulsion  was  made  with  the  French  boat  ''Nautilus,* 
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the  arrangement  of  the  machinery  of  which  is  shown  in  Figs.  319  and  320 : 
the  following  were  the  leading  dimensions : — 

The  length  of  boat=i4  metres,  width  of  beam  im.  80,  immersed  section 
•78  sq.  m.,  mean  draft  •54m.  The  propeller  was  a  Maginott's  pump,  P,  60 
centimetres  at  its  largest  diameter,  driven  by  an  inverted  cylinder  engine 
with  a  single  cylinder  20cm.  diameter  and  15cm.  stroke.  The  suction  takes 
place  through  the  pipe  A,  and  the  delivery  at  the  stem  through  a  conical 


Fig.  320. 


Figs.  319  and  320. — Jet-propeller. 

copper  pipe,  B,  ending  in  the  mouthpiece,*  C,  which  has  a  bore  of  241 
millimetres.  The  pipes  D  are  auxiliary  pipes  for  going  astern,  and  two 
other  pipes  E  are  for  turning  the  vessel  on  the  spot ;  valves  being  used  for 
changing  the  flow  of  the  water.  The  complete  turn  by  180  degrees  was 
effected  in  45  seconds,  and  a  complete  stoppage  in  a  distance  of  about  14 
metres  when  the  boat  was  going  at  the  rate  of  14  kilometres  per  hour.  The 
results  of  the  trial  are  as  follows : — 

Horse-power  developed  by  the  engine 
Speed  of  jet,  metres  per  second 
Speed  of  boat        .... 

Ratio 

Efficiency  of  pump 

Efficiency  of  jet        .... 

Total  efficiency     .... 

The  total  efficiency  reached  as  high  as  49  per  cent.,  or  nearly  the  same 
as  that  usually  assumed  for  screw-propulsion.  The  efficiency  of  the  pump 
increased  considerably  with  an  increased  speed,  but  that  of  the  jet  decreased 
greatly  at  the  same  time. 
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the  value  or  mechanical  equivalent  of  the  heat ;  but  there  are  no  means 
available  for  using  such  a  high  temperature  in  a  steam-engine.  The  highest 
satisfactory  working  temperature  is  probably  400°  Fahr.,  the  mechanical  value 

of  which  is  theoretically  =  772^^^  +4^0  —  5  '  —  772  x  -348  =  26865 

foot-pounds. 

By  comparing  the  theoretical  value  or  efficiency  of  the  heat  with  the 
efficiency  actually  obtained  with  engines  in  practice,  the  mechanical  equiva- 
lent of  the  heat  used  may  be  accurately  estimated.  For  instance,  if  an 
engine  use  say  20  lbs.  of  steam  per  indicated  horse-power  per  hour  at  the 
highest  feasible  temperatuie,  or  400^  Fahr.,  the  total  heat  of  steam  of  this 
temperature  is  (400^  x  '305)  -h  1082  =  1204  units  per  lb.  of  steam,  =  1204 
X  20  lbs.  =  24080  units  in  20  lbs.  of  steam,  and  24080  x  268*65  ^^^~ 
pounds,  the  theoretical  value  of  the  heat,  =  6469092,  the  units  of  work 
theoretically  available  in  20  lbs.  of  steam. 

Then  as  one  indicated  horse-power  is  the  expression  of  33000  foot- 
pounds of  work  done  per  minute,  33000  x  60  =  1980000  units  of  work  per 
hour.  and^98°°°°  ""its  of  work  per  hour  ^  ^^^   ^^  ^^   ^^ 

6469092  units  of  work  available  ^ 

engine,  or  less  than  one-third  the  theoretical  efficiency. 

One  Eone-powar  is  aqmTalent  to  33Qoo  foot-|bs.  _  ^  thermal 

772  foot-lbs.  * 

units  per  minute,  which  multiplied  by  the  number  of  indicated  horse-power 
of  an  engine  will  give  the  thermal  equivalent  of  the  work  done  by  that 
engine. 

Example:  Required  the  number  of  thermal  units  in  a  marine-engine 
with  cylinder  60  inches  diameter,  length  of  stroke  3  feet,  number  of 
revolutions  per  minute  70,  mean  pressure  of  steam  34  lbs.  per  square  inch : 
and  what  would  be  the  coal-consumption  per  hour  and  per  day  per  indi- 
cated horse-power. 

Then  ^^  ^  ^^  ^"^^^^  ^  '^854  x  34  lbs,  x  (3  feet  x  2  x  70)  _  ^2^00*^ 

J72  foot-lbs.  ^  ^      ^ 

thermal  units  per  minute,  or  thermal  equivalent  of  the  work  done  by  that 
engine ; 

60  X  60  X  7854  X  34  lbs.  X  (3  feet  x  2  x  70)       ,  •  j-    *  j 

or  i—22. — 02 —  — 5^ LJ  —  1223-514   indicated 

33000  lbs.  ^  "^ 

horse-power  x  42746  =  52300*3  thermal  units  per  minute,  the  thermal 
equivalent  of  the  work  done  by  that  engine. 
If  I  lb.  of  good  coal  give  out  at  the  piston,  say  1200  thermal  units,  the 

consumption  will  be  =  5^^??^=  43-58  lbs.  of  coal  burnt  per  minute,  or 

43*58  X  60  =  2614-8  lbs.  per  hour,  and  -l^^.'i-  =  2*13  lbs.  of  coal  per 

1223-514  •^  ^ 

indicated  horse-power  per  hour,  or  2-13  x  24=  51 -[2  lbs.  of  coal  per 
indicated  horse-power  per  day  of  24  hours. 

Vominal  Eone-power  is  a  commercial  term  for  denoting  the  size  of 
an  engine  without  regard  to  the  actual  power  it  will  develop.  Marine- 
engines  work  up  to  from  4  to  8  times  their  nominal  horse-power;  the 
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average  actual  or  indicated  horse-power  in  merchant-steamers  being  proba- 
bly 4  times  the  nominal. 

The  Vominal  Eorse-power  of  ordinary  Condenjdng  Steam- 
engines  of  the  low-pressure  type,  in  which  the  mean  effective  pressure  of 
the  steam  in  the  cylinder  is  assumed  to  be  7  lbs.  per  square  inch,  and  the 
speed  of  the  piston  is  either  128  times  the  cube  root  of  the  length  of  stroke, 
or  220  feet  per  minute,  may  be  calculated  by  the  following  Rules : — 

(i.)  Nominal  horse-power  = 

area  of  piston  in  square  inches  x  7  lbs.  x  (128  x  Vstroke  in  feet) 

33000  lbs. 
(2.)  Nominal  horse-power  = 

diameter  of  cylinder  in  inches"  x  Vstroke  in  feet 

47 
(3.)  Nominal  horse-power  ^diameter  of  cylinder  in  inches'.  ^^^  ^^j^ 

gives  30  circular  inches  of  area  of  piston  per  nominal  horse-power. 

(4.)  Nominal  horse-power  = 

area  of  piston  in  square  inches  x  7  lbs,  x  220  feet  piston  speed 

33000  lbs. 
(5.)  Nominal  horse-power  =  diameter  of^ cylinder' 

(6.)  Nominal  horse-power  = 

diameter  of  cylinder'  x  speed  of  piston  in  feet  per  minute 

6000 

These  Rules  may  be  illustrated  by  applying  them  to  the  following 
Examples.  Required  the  nominal  horse-power  of  a  low-pressure  con- 
densing steam-engine,  with  cylinder  30  inches  diameter,  and  length  of 
stroke  3  feet. 

Then  by  Rule  (i).  30  x  30  x  7854  x  7  x  (128  x  V3"=the  piston  speed) 

33000 
=  27*68  nominal  horse-power. 

Rule  {2)>f^^  X  30  X  /  3  _  jy.gi  nominal  horse-power. 

Rule  (3).  3 3_  —  JO  nominal  horse-power. 

Rule  (4).  30  X  30  X  7854  X  7  X  220  ^  32-98  nominal  horse- 

33000  "^       ^ 

power. 

Rule  (5).  52-^-3?  =  32'i4  nominal  horse-power. 

20 

Rule  (6).  Assuming  the  number  of  revolutions  per  minute  of 
this  engine  to  be37,3Q  ><  3^  x  (3ft-^oke  x  2x37) 

=  33'3  nominal  horse-power. 
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The  Speed  of  a  Fiaton  in  feet  per  minute  =  twice  the  length  of 
stroke  in  feet  multiplied  by  the  number  of  revolutions  per  minute. 

The  Admiralty  Bole  for  finding  the  horse-power  of  a  low-pressure  type 
of  steam-engine  is  that  given  above  in  Rule  (6),  and  to  which  it  still  applies. 
The  divisor  6000  is  obtained  as  follows  : — 

_3322?__  J'     =  in  round  numbers  6000. 
7854  X  7  lbs. 

Vominal  Eone-powerof  modem  Condenaiiig  SteAm-engines. — 

The  following  Rules  are  suitable  for  the  high  pressures  of  steam  and 
increased  piston  speed  now  used. 

(7.)  Nominal  horse-power  = 

diameter  of  cylinder  in  inches"  x  V  stroke  in  feet 

2S 
(8.)  Nominal  horse-power  = 

diameter  of  cylinder  in  inches"  x  V  stroke  in  feet 


24 
Applying  these  Rules  to  the  previous  examples,  it  gives : — 

by  Rule  (7).  ^^  ^  ^^J^       ^  =  46*3  nominal  horse-power. 

20 

Rule  (8),  32J1_30  x_>lJ  =  54  nominal  horse-power. 

24 

Vominal  Eone-power  of  VonHsondensmg  Steam-engines. — ^The 

following  are  a  few  of  the  Rules  used  in  different  districts  for  calculating 
the  nominal  horse-power  of  non-condensing  steam-engines. 

Nominal  horse-power  of  small  steam-engines  ^^lEgJ^gL^ZlJg^erinsg.ins. 

o 

This  Rule  only  applies  to  steam-engines  having  a  cylinder-area  of  not 
exceeding  100  square  inches,  and  a  length  of  stroke  =  diameter  of  cylinder 
X  1*4  to  I'5. 

Example:  Required  the  nominal  horse-power  of  steam-engines  with 
cylinders  of  6|  inches,  7f  inches,  9  inches,  io|  inches,  and  lof  inches 
diameter. 

Engine  with  a  cylinder  6|  inches  diameter  =  ^375_AA-375  x  7854  _ 

4  nominal  horse-power. 
Engine  with  a  cylinder  7|  inches  diameter  =  775  x  775  x  7854    _. 

o 

6  nominal  horse-power. 
Engine  with  a  cylinder  9  inches  diameter  =  9  x  9  x  7854  _  g 

nal  horse-power. 
Engine  with  a  cylinder  io|  inches  diameter  =  ^Q'"5  x  10-125  x  78^4. 

=  10  nominal  horse-power. 


g nomi- 
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Engine  with  a  cylinder  lof  inches  diameter  =  i^-ZS ?_Z5 Z-54  _ 

1 1  nominal  horse-j)Ower. 

For  steam-engines  having  a  cylinder-area  larger  than  100  square  inches, 
the  following  are  a  few  of  the  Rules  used  by  makers  of  engines. 

(I.)  Nominal  horse-power  =  diameter  of  cylmder  in  inch«s'^  ^j^.^  ^^^ 

gives  10  circular  inches  of  area  of  pfston  per  nominal  horse-power. 
(2.)  Nominal  horse-power  =  diameter  of  cylinder  in  inches'    ^j^.^  j^„,^ 

gives  12  circular  inches  of  area  of  piston  per  nominal  horse-power. 

(3.)  Nominal  horse-power  = 

area  of  cylinder  in  square  inches  X  V  stroke  in  feet 

12 
(4.)  Nominal  horse-power  = 

area  of  cylinder  in  square  inches  x  V  stroke  in  feet 

14 
(5.)  Nominal  horse-power  = 

area  of  cylinder  in  square  inches  x  V  stroke  in  inches 

27 
(6,)  Nominal  horse-power  = 

area  pf  cylinder  in  square  inches  x  V  stroke  in  inches 

(7.)  Nominal  horse-power  = 

area  of  cylinder  in  square  inches  x  V  stroke  in  inches 

40 
(8.)  Nominal  horse-power  = 

area  of  cylinder  in  square  inches  x  V  stroke  in  inches 

46 
(9.)  Nominal  horse-power  = 

area  of  cylinder  in  square  inches  x  V  stroke^ in  feet 

17-5 
(10.)  Nominal  horse-power  = 

area  of  cylinder  in  square  inches  x  %/  stroke  in  feet 

20 

The  ITominal  Eone-power  of  Modem  ITon-oondensing  Engines 

may  be  found  by  the  first  rule  given  above  when  the  engines  are  small,  with 
cylinder-area  not  exceeding  100  square  inches,  and  for  large  engines  by 
Rule  (3).  These  two  Rules  represent  probably  the  average  modern 
practice  of  engine-makers  for  the  high  pressures  of  steam  and  high  speed 
of  piston  now  used. 
These  Rules  may  be  illustrated  bv  applying  them  to  the  following : — 
Example :  Required  the  nominal  horse-power  of  a  steam-engine  with  a 
cylinder  12  inches  diameter,  length  of  stroke  2  feet. 

B  B 
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12X12 

Then  by  Rule  (i) =  14*4  nominal  horse-power. 

Rule  (2) =12  nominal  horse-power. 


T>  1    r»\  12  X  12  X  7854  X  V2  feet         o         ♦    lu 

Rule  (3)  '—•^- — =11-8  nommal  horse-power. 

T5  ,    /  X   12  X  12  X  7854  X  V2  feet      ^.  •    lu 

Rule  (4)  '—^-^ — =10' I  nommal  horse-power. 

Rule  (5)  "X  12x7854x^24  inches  ^  ^^  ^^^.^^j    j^^^. 

power. 

Rule  (6)  ^±>L11^7^_5A^^^^±^^'^  ^^.g  nominal  horse- 

30 
power. 

Rule  (7)  EjX  "  X  7854  X  V24  inches  ^  g.^  „^^j^^  j^^^_ 

40 

power. 

Rule  (8)  "xi2X7854xyjTTHdiii  ^        ^^^^^j  ^^^^^ 

46 
power. 

Rule  (9)  i^  X  12  X  7854  X  yr-Teit  ^  g-i  nominal  horse- 

175 
power. 

Rule  (10)  "xi»X7854xyTleir^        ^^^j^^  h^^. 

20 

power. 

The  EfPeotive  Mean  Pressure  of  Steam  Bequired  for  a  gvrmk 
Vominal  Eorse-power  may  be  found  by  this  J^uie : — 
Effective  mean  pressure  in  lbs.  per  square  inch  = 

Number  of  foot-pounds 

Cylinder  area  in  square  inches  per  nominal  horse-power  x  speed  of  piston. 

Example : — ^If  30  circular  inches  be  considered  equal  to  one  nominal 
horse-power,  what  is  the  effective  mean  pressure  of  the  steam  required  to 
indicate  four  times  the  nominal  horse-power  with  a  piston  speed  of  420 
feet  per  minute. 

Then  30x7854  =  23*562  square  inches  of  cylmder  area  per  nominal 

horse-power  and  33QQQ    4  —  _.  13.^^8  lbs.  the  effective  mean  pressure 

23562x420  feet        ^  ^^  ^ 

per  square  inch. 

The  irumber  of  tunes  the  Indicated  Eorse-power  of  an  Engine 
is  larger  than  the  nominal  horse-power  may  be  found  by  the  converse 
of  the  above  Rule, 

Example :  The  speed  of  the  piston  of  an  engine  is  420  feet  per  minute, 
with  an  effective  mean  pressure  of  steam  of  13.338  lbs.  per  square  inch: 
30  circular  inches  have  to  be  given  per  nominal  horse-power.    How  many 
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dmes  will  the  nominal  horse-power  be  greater  than  the  indicated  horse- 
power. 

Then  30  circular  inches  x  7854  =  23*562  square  inches  per  nominal 
horse-power,  and 

23*562  square  inches  x  13*338  lbs,  mean  pressure  x  420  feet_ 

33cx)o  lbs.  ' 

the  number  of  times  the  indicated  horse-power  is  greater  than  the  nominal 
horse-power. 

The  Speed  of  an  Engine  required  to  develop  a  given  ITaniber 
of  horse-power  may  be  found  by  this  RuU : — 

Number  of  revolutions  of  an  engine  per  minute  = 

Number  of  foot-pounds 
Area  of  cylinder  in  inches  X  pressure  in  lbs.  x  twice  length  of  stroke  in  feet. 

Example  i :  An  engine  was  specified  to  have  30  circular  inches  of 
cylinder  per  nominal  horse-power,  and  to  indicate  five  times  the  nominal 
horse-power.  Length  of  stroke  39  inches.  Effective  mean  pressure  of 
the  steam  30  lbs.  per  square  inch.  How  many  revolutions  per  minute 
must  it  make  to  fulfil  the  contract. 

Then  30  circular  inches  x  7854  =  23*562  square  inches,  area  of  cylinder. 

33QQQX5 '  -. 

23*562  square  inches  x  30  lbs.  pressure  x  3*25  feet  x  2 
35*91  revolutions  per  minute. 

Example  2.  An  engine  with  a  cylinder  4 1  inches  diameter  and  3  feet  6 
inches  length  of  stroke,  is  required  to  develop  one  thousand  horse-power, 
with  steam  of  50  lbs.  per  square  inch  effective  mean  pressure,  how  many 
revolutions  must  it  make  per  minute  ? 

Then  ^—^ — 33<xx)Xiooo _  revolutions 

41x41  mchesx  7854x50  lbs.  x  3-5  feet  x  2 
per  minute. 

ITominal  Eorae-power  of  Compound  or  DonUe-ezpansion  Marine 
Steam-engines.  A  number  of  rules  are  used  for  calculating  the  nominal 
horse-power  of  marine-engines,  the  results  obtained  from  which  vary  con- 
siderably, and  are  not  proportional  to  the  actual  or  indicated  horse-power. 

The  following  are  a  few  of  the  rules  used  by  makers  of  engines  to 
determine  the  nominal  horse-power  of  compound,  or  double-expansion, 
condensing  marine-engines :  where  HP=high  pressure  cylinder,  and  LP= 
low  pressure  cylinder. 

(i)  Nominal  horse-power  = 

(Diameter  of  HP  cylinder)'  H- (diameter  of  LP  cylinder)' 

25  circular  inches 

(2)  Nominal  horse-power  = 

(Diameter  of  HP  cylinder) *  H-  (diameter  of  LP  cylinder)'  x  y  stroke  in  feet 

(3)  Nominal  horse-power  =  

(Diameter  of  HP  cylinder)'  -h  (diameter  of  LP  cylinder)*  x  V  stroke  in  inches 

E  B  2 
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(4)  Nominal  horse-power  = 
(Diameter  of  HP  cylinder)"  -h  (diameter  of  LP  cylinder)*       rpi .         , 

30  Circular  mches 
gives  30  circular  inches  of  area  of  piston  per  nominal  horse-power. 

These  rules  may  be  illustrated  by  applying  ihem  to  the  following 
example : — 

Example: — Required  the  nominal  horse-power  of  a  compound  con- 
densing-engine  with  a  high-pressure  cylinder  30  inches  diameter,  and  a 
low-pressure  cylinder  60  inches  diameter.    Length  of  stroke  3  feet. 

Then  by  Rule  (i)  (3QX3o)-K6ox6o)_.  ^g^  nominal  horse-power. 

25  circular  mches 

Rule  (2)  (3°X3°)+(6o^6o)x  VT=  171  nominal  horse- 

3°  power. 

Rule  (3)  (30x30)  +  (60  X  60)  X  ^sT^  171  nominal  horse- 

°7  power. 

Rule  (4)  (30  X  30)  +  (60  X  60)  ^  1 50  nominal  horse-power. 
30  circular  inches 

The  iriimber  of  Circiilar  Zndias  of  CylindeisArea  per  Vominal 
Eorse-power  of  compound,  or  double-expansion  condensing-engines, 
may  be  found  by  dividing  the  sum  of  the  squares  of  the  diameters  of  the 
cylinders  by  the  nominal  horse-power. 

ExampU:  The  cylinders  of  a  compound  engine  are  41  inches  diameter, 
and  70  inches  diameter;  the  nominal  horse-power  is  250.  How  many 
circular  inches  is  that  per  nominal  horse-power,  and  what  is  die  ratio  of  the 
cylinders  P 

Then  iij  ^  4i)-K7o  x  70)  ^  ^.       circular  inches  of  cyHnder^ea 
250  nominal  horse-power 
per  nominal  horse-power. 

The  proportion  of  circles  to  one  another  is  as  the  squares  of  their 
diameters.    And  41'  :7o':  :  i  :  3*915  the  ratio  of  the  cylinders. 

The  cylinder-area  of  triple-expansion  engines  may  be  found  as  follows: — 

Example:  The  cylinders  of  a  set  of  triple-expansion  engines  are  21 
inches,  35  inches,  and  Kf  inches  diameter;  the  nominal  horse-power  is  224: 
How  many  circular  inches  of  cylinder-area  is  that  per  nominal  horse-power, 
and  what  is  the  ratio  of  the  cylinders  ? 

Then   (2iX2i).K35X35)  +  (57X57)  =  ,,       ^,,^^,  inches  of 

224  ^ 

cylinder-area  per  nominal  horse-power. 
And  21*  :  57"  :  :  i  :  6*859  ^^^  ratio  of  the  high-pressure  cylinder  to  the 

low-pressure  cylinder. 
35"  •  57*  :  •  I  :  2*469  the  ratio  of  the  intermediate  cylinder  to  the 

low-pressure  cylinder. 
Mr.  Parker  and  Mr.  Milton,  engineer-surveyors  of  Lloyd's,  in  their  report 
on  nominal  horse-power  for  the  information  of  the  Committee  of  Lloyd's, 
in  order  to  show  the  great  diversity  of  practice,  prepared  the  following 
table,  which  contains  a  number  of  Rules  used  for  calculating  the  nominal 
horse-power  of  double-expansion  marine-engines,  and  the  nominal  powers 
of  three  double-expansion  engines  of  different  sizes  calculated  by  them. 
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Table  89. — Containing  18   Different  Rules  used  in  Practice  for 

OBTAINING     the     NOMINAL     HoRSE-PoWER    OF    DoUBLB  -  EXPANSION 

Marine  Steam-Engines,  and  giving   the  Nominal   Powers  of  3 
Different  sizes  of  Double-Expansion  Engines  calculated  by  Them. 


Engines 

Engines 

Engines 

Na 

Formuin  for  Nominal  Horse-power  of 
Compoundf  or  I>oubIe*Expanaion,  Engines. 

of  4x  ft  70 

Cylinder 

4a  in. 

of  33  ft  69 
Cylinder 

&roke. 

of  33  ft  69 

Cy  finder 

45  in. 

Remarks. 

Stroke 

Stroke. 

A 

B 

c 

I 

(D»  +  d«)  -1 

^  33  =  • 

199 

149 

149 

2 

(D»  +  d«)  ^ 

r  32  =      . 

205 

154 

154 

3 

(D»  -h  d«)  -i 

r  30  = 

219 

164 

164 

S  Rule  of  makers 
(     of  Engine  B. 

4 

(D«  +  d»)  -4 

-  28  =      . 

235 

176 

176 

5 

(D»  +  d«)  H 

-  27  = 

243 

182 

182 

6 

(D«  +  d8)  - 

r   26  =        .           .      . 

253 

190 

190 

7 

(D«  +  d»)  X  y  S,  inches  _ 

229 

167 

175 

100 

8 

(D»  +  d«)  X  y  S,  inches  _ 

90 
(P»  +  d«)  X  y  S,  feet)  +  40 

254 

185 

195 

9 

250 

180 

191 

10 

(D»  X  y  S,  feet)  +  33  = 

222 

172 

181 

II 

840  cubic  inches  of  cy  inder  =  . 

258 

180 

207 

13 

800   to  700  cubic  inches  of  \ 
cylinder  =         .        .        .1 

271 

to 

310 

189 

to 

216 

218 

to 

249 

^i 

Area  of  H.P.  cylinder  '4-  5  =  . 

262 

171 

171 

14 

(  (D8  +  d»)  X  S,  feet)  -^  90  = 

256 

178 

204 

15 

'"■Jo^"'  ^ '^  ^  3°)  =        • 

236 

170 

185 

Rule  of  makers 
(     of  Engine  C 

16 

(I^^^^-)  X  (S  +  30)  =        . 

235 

168 

183 

•^      m             9                 • 

17 

(D*  +  d*)  X  sp)eed  of  piston  _ 
6cxx) 

462 

288 

328 

/Rule  given  in 
J  proposed  Mer< 
1  chant  Sliipping 
vAct,  187X. 

18 

Actual  registered  horse-power  =      256 

160 

200 

D  =  Diameter  of  Low-pressure  Cylinder, 

and  d  : 

=  Dian 

leter  of  the 

High-pressure  Cylinder. 

S  =  Length  of  Stroke.    H.-P.  =  High-pre 

tssure  C 

Cylinder 

. 

The  Noininal  Horsa-Fower  of  Triple-Szpaiisioii  Engines  may  be 

found  by  the  following  formula : — 

Let  D  =  the  diameter  of  each  cylinder  in  inches ;  S  »  length  of  stroke 
in  inches ;  N  =  nominal  horse-power  of  the  engines. 

Then  N  =  5L±^i±2iiLilS 

90 
Example:  Required  the  nominal  horse-power  of  a  set  of  triple-expansion 
engines  with  cylinders  33,  54,  and  86  inches  diameter.    Length  of  stroke 
60  inches. 

Then  3?'+  54*  +  86»  x  V  60  _  ^^^  nominal  horse-power. 
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The  Nominal  Horse-Power  of  Triple-Szpaiudoii  Bnrfiace-Con- 
deiuriiig  Karine-Engines  may  be  found  by  the  following  formula,  which 
assumes  a  boiler-pressure  of  150  lbs.  per  square  inch  above  the  atmo- 
sphere : — 

Let  H  P  =  the  diameter  of  the  high-pressure  cylinder  in  inches. 

M  P  =  the  diameter  of  the  intermediate  cylinder  in  inches. 

L  P  =  the  diameter  of  the  low-pressure  cylinder  in  inches. 

Tu             '    }  u          ^           HP»-hMP«4-LP» 
Then  nommal  horse-power  = -^- ~ . 

SSX.r 

Where  x  =  the  number  of  times  the  indicated  horse-power  is  required 
to  be  greater  than  the  nominal  horse-power. 

Example :  In  a  set  of  triple-expansion  engines  the  high-pressure  cylinder 
is  21  inches  diameter,  the  intermediate  cylinder  is  35  inches  diameter, 
and  the  low-pressure  cylinder  is  55  inches  diameter;  the  engines  were 
guaranteed  to  work  up  to,  and  indicate,  four  times  their  nominal  horse- 
power :  What  is  the  nominal  horse-power  of  the  engines,  and  what  power 
should  they  indicate  ? 

Then  a* =4 

^^^(2iX2i)-K35X35)4-(55  ^  55l--2i3'22  nominal  horse-power,  and 

55x4  ^  ^ 

these  engines  should  work  up  to,  and  indicate  213*22  x  4=852*88,  or  say 
853  horse-power. 

If  the  nominal  horse-power  of  the  above  engines  were  calculated  at  30 
circular  inches  of  area  of  piston  per  nominal  horse-power,  their  power 

would  only  be  =  (21  x  21)+ (35  x  35)-K$5  x  55)-,  , 56.35  nominal  horse- 

30  circular  mches 

power,  and  they  would  require  to  work  up  to  — ^^  =    5*45     times    the 
nominal  horse-power,  to  develop  853  indicated  horse-power. 

The  Nominal  Horse-Power  of  Quadruple-Expansion  Bnr&co- 
Condensing  Marine-Engines  may  be  found  by  the  following  formula, 
which  assumes  a  boiler-pressure  of  170  lbs.  per  square  inch  above  the 
atmosphere. 

Let  L  P  =  the  area  of  the  low-pressure  cylinder  in  square  inches. 
H  P  =  the  area  of  the  high-pressure  cylinder  in  square  inches. 
A  =  the  area  of  ihQ  first  intermediate  cylinder  in  square  inches, 
B  =  the  area  of  the  second  intermediate  cylinder  in  square  inches. 

Then,  nommal  horse-power  = 

4-5X;t: 

Where  :*:  =  the  number  of  times  the  indicated  horse-power  is  required 
to  be  greater  than  the  nominal  horse-power. 

Example :  In  a  set  of  quadruple  expansion-engines  the  high-pressure 
cylinder  is  i6\  inches  diameter,  the  first  intermediate  cylinder  is  23^  inches 
diameter,  the  second  intermediate  cylinder  is  33  inches  diameter,  and  the 
low-pressure  cylinder  is  45  inches  diameter;  the  engines  were  guaranteed 
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to  work  up  to  and  indicate  four  times  their  nominal  horse-power :  What  is 
the  nominal  horse-power  of  the  engines  ? 

Then  x=  4. 

^^^  (i6>$  X  i6'$)4-(23'$ X  23'5)-K33 x  33)  + (45  x  45)  =2i8-8nominal 

45x4 

horse-power,  and  these  engines  should  work  up  to  and  indicate  213-8  x  4= 
875*2,  or  say  876  horse-power. 

If  the  nominal  horse-power  of  the  above  engines  were  calculated  at 
30  circular  inches  of  area  of  piston  per  nominal  horse-power,  their  power 

would  only  be  -  ^^^'5  ^  '<^'5)-f  (23'5  x  23-5) -K33  x  33)  + (45  x  45)  - 

30  circular  inches 
131*28  nominal  horse-power,  and  they  would   require   to  work  up  to 

7      z=  6*67  times  the  nominal  horse-power  to  develop  876  indicated 


131*28 
horse-power. 

The  Indicated  Some-Power  of  an  engine  is  the  effective  power 
calculated  from  an  indicator  diagram,  or  the  power  imparted  by  the  steam 
in  the  cylinder  to  the  piston. 

Actual  or  Indicated  Some-Power. — One  actual  horse-power  is  equal 
to  33000  lbs.  raised  one  foot  high  in  one  minute,  or  550  lbs.  raised  one 
foot  high  in  a  second. 

The  power  imparted  to  the  piston  by  the  steam  in  a  cylinder,  or  the 
actual  horse- power,  is  the  quotient  of  the  effective  work  done  in  the  cylinder 
in  foot-pounds  per  minute  divided  by  33000.  The  effective  work  is  found 
by  multiplying  the  area  of  the  piston  in  square  inches  by  the  effective 
mean-pressure  in  lbs.  per  square  inch,  by  twice  the  length  of  stroke  and  by 
the  number  of  revolutions  per  minute  of  the  crank-shaft.  The  following 
formulae  are  used  for  calculating  the  actual  or  indicated  horse-power,  the 
diameter  of  cylinder,  the  effective  mean -pressure,  and  speed  of  steam- 
engines  ;  the  working  friction  of  the  engine  not  being  taken  into  account. 

Let=IHP  =  the  indicated  horse-power  of  the  engine. 

D    =  the  diameter  of  the  cylinder  in  inches. 

P    =  the  effective  mean  pressure  of  the  steam  in  lbs.  per  square 
inch. 

L     =  the  length  of  stroke  in  feet. 

R     =  the  number  of  revolutions  of  the  crank-shaft  per  minute. 
Then,  area  of  piston  =  D"  x  7854. 

Pressure  on  the  piston  =  D"  x  7854  x  P. 
Number  of  units  of  work  in  one  revolution  =  D*  x  '7854  x  P  x  2L. 

Number  of  lbs.  lifted  one  foot  high  per  minute  It)ix-78'-axPx2LxR 
Or  number  of  units  of  work  done  per  minute  j 

/\Tj'*ju  TTTTj      Units  of  work  done  per  minute 

(i.)  Indicated  horse-power,  I  H  P  = £- . 

33000 

(2.)  The  speed  of  the  piston  in  feet  per  minute  =  Lx  2  X  R. 

x   N  Indicated  horse- ")  _D*  x  7854  x  P  x  speed  of  piston  in  ft.  per  minute 
^^'^      power,  I  H  P  5  ~  33000 
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(4.)  Indicated  horsepower,  I  H  P  =  D' X78g4  xPx(Lx  2xR)^ 

33000 


(5.)  Diameter  of  cylinder  in  inches, D=  ^1  ^ — -3-3ggo  \^  ^ 

^  V  7854  X  P  X  (L  X  2  X  R) 

(6.)  Effective  mean-pressure,  P=^,    33oooxIHP 

^   ^  r  »       D*x  7854X(Lx2xR) 

(7.)  Length  of  stroke  in  feet,  L  —        339gg — 

®  D"X7854xPx(2  R) 

(8.)  Number  of  revolutions  per  minute,  R  =^^,    33Qgg — ^ — ,    ^^. 
^  ^  D«x7854xPx(2  L) 

These  Rules  may  be  illustrated  by  applying  them  to  the  following 
example : — 

Example :  Required  the  actual  or  indicated  horse-power  of  a  non-con- 
densing steam-engine,  with  cylinder  16  inches  diameter,  length  of  stroke 
2  feet,  number  of  revolutions  per  minute  80,  mean  pressure  on  the  piston 
50  lbs.  per  square  inch. 

Then  by  Rule  (i.)  IHP  =  "nite  of  work  done  per  minute 

33000 

.    16  X   16  X  7854   X50X2X2X80_, 

33000 

97*454  indicated  horse-power. 

Rule  (2.)  2  feet  stroke  x  2  x  80  revolutions  per  minute  =  320, 

the  speed  of  piston  in  feet  per  minute. 

Rule  (3.)  IHP  =  16  X  16  X  7854  X  50  X  320  ^  ^^ 

^^  ^  33000  ^'  ^^^ 

dicated  horse-power. 

_    16    X    16   X    7854    X50X2X2X8o_ 


Rule  (4.)  IHP 


33000 
97*454  indicated  horse-power. 


Rule  (5.)  D      =  33000x97-454         ^  .  .^  ^   ,6 

^^  ^  -7854  X50X2X2X8o  "^ 

inches  diameter  of  cylinder. 
Rule  (6.)  P      =-^ 33000  X  97-454 ^        i^^. 

^     '  16  X   16   X  -7854  X  2  X   2    X    80 

per  square  inch  mean  pressure  of  steam 
on  the  piston. 

Rule  (7.)  L      = 330c^  x  9r454 ^  ,  ^.j 

^  16  X    16  X   '7854  X   50  X   2    X    80 

length  of  stroke. 
Rule  (8.)  R      =  -= 33°oo  X  97-454 ^  go  revo- 

^  16  X   16  X  7854  X  50  X  2   X  2 

lutions  per  minute. 
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Friction  of  Steajn-Engiiies. — ^The  power  absorbed  by  friction  depends 
upon  the  load  on  the  journals  and  guides ;  the  alignment  and  finish  of  the 
rolling  and  sliding  surfaces,  and  the  efficiency  of  their  lubrication.  It 
averages  from  10  to  20  per  cent,  of  the  total  power  developed  by  an  engine 
when  fully  loaded.  No  allowance  is  made  for  friction  in  the  above  Rules 
for  finding  the  actual  or  indicated  horse-power  of  steam-engines.  It  will 
be  necessary  to  deduct  from  the  horse-power  obtained  by  these  Rules  1 2  per 
ceiit.  for  a  non-condensing  engine,  and  25  per  cent,  for  a  condensing 
engine,  to  allow  for  the  power  absorbed  in  driving  the  engine  when  fully 
loaded,  against  the  resistance  due  to  its  own  friction,  and  in  working  the 
pumps,  the  remainder  will  be  the  actual  or  available  motive  power,  or  the 
effective  horse-power  of  the  engine.  For  the  friction  of  an  engine  without 
pumps,  a  deduction  may  be  made  from  the  effective  mean  pressure  of 
1 5  lb.  per  square  inch  for  large  engines,  2  lbs.  for  medium  sized,  and 
3  lbs.  for  small  engines.    See  also  pages  499  and  500. 


EXPANSION  OF  STEAM  PROPORTIONS  OF  THE  CYLINDERS, 
PISTONS,  PISTON-RODS,  AND  CROSS-HEADS,  OF  STEAM- 
ENGINES. 

Ezpaafldon  of  Steam  in  a  Cylinder. — ^When  steam  is  cut-off  in  a 
cylinder  after  the  piston  has  travelled  a  portion  of  its  stroke,  the  steam 
expands  for  the  remainder  of  the  stroke,  the  piston  being  driven  by  the 
expansive  force  of  the  steam,  and  its  pressure  at  any  part  of  its  stroke 
during  expansion  is  nearly  in  inverse  proportion  to  its  volume.  For 
instance,  if  steam  of  100  lbs.  pressure  per  square  inch  be  admitted  to  a 
cylinder,  and  cut  off  when  the  piston  has  travelled  one-fourth  the  length  of 
its  stroke,  the  remaining  three-fourths  of  the  stroke  will  be  performed  by 
the  expansive  force  of  the  steam,  which  will  increase  in  volume  to  four 
times  its  initial  volume  and  be  reduced  to  about  one-fourth  its  initial 
pressure,  or  to  about  25  lbs.  per  square  inch.  It  is  therefore  usual  to  assume 
the  pressure  of  expanding  steam  to  be  inversely  as  its  volume.  The  terminal 
pressure  of  the  steam  is  equal  to  the  product  of  the  initial  pressure  by  the 
grade  of  expansion.  The  method  of  calculating  the  pressure  by  these 
Rules  is  shown  in  the  following  example  : — 

Example :  Steam  of  66  lbs.  pressure  per  square  inch  is  admitted  to  the 
cylinder  of  a  steam-engine  having  a  6  feet  stroke,  the  steam  is  cut  off  after 
the  piston  has  travelled  2  feet  of  its  stroke.  Required  the  terminal  pressure, 
the  average  pressure  throughout  the  stroke,  and  the  saving  effected  by 
working  the  steam  expansively. 

The  terminal  pressure  of  the  steam  is: — 

The  grade  of  expansion  is  ^  ^et  admission  of  steam^  1  and  66  x  1  = 

^  *^  6  feet  length  of  stroke         ^  ^ 

22  lbs.  per  square  inch,  the  terminal  pressure  of  the  steam  ; 

initial  pressure  whole  stroke 

'  terminal  pressure  ~  part  of  stroke 

.•._= — .*.  x'=-22  lbs.  per  square  inch,  the  terminal  pressure. 
X       2 
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The  average  pressure  ofihe  steam  throughout  the  stroke  is  .^ 

Pressure  of  the  steam  during  the  first  foot  in  length  of  the  stroke 

second 
third 
fourth 
fifth 
sixth 


i» 


>» 


>i 


i* 


>l 


>» 


)) 


l» 


>» 


»» 


J> 


=66 
=66 

=66  X  1=44 

=66  X  1=33 
=66x-J  =  26-4 


» 


=  66xf=22 


257*4 


the  total  pressure,  and  257*4  -=-  6  =  42*9  lbs.  per  square  inch,  the  average 
pressure  of  the  steam  throughout  the  stroke. 

The  saving  effected  by  working  expansively  is : — 

If  the  steam  had  been  admitted  throughout  the  whole  length  of  stroke, 
the  average  pressure  would  have  been  66  lbs.  per  square  inch ;  by  working 
expansively  the  average  pressure  was  42*9  lbs.  per  square  inch,  showing  a 

2'2* I   X   100 

saving  of  66  —  42*9  =  23*1  lbs.  per  square  inch  =    ^        =  35    per 

cent,  effected  by  working  expansively. 

The  average  pressure  of  the  steam  throughout  the  stroke  may  also  be 
found  by  constructing  a  oiagram  as  shown  in  Fig.  321,  which  represents 
the  cylinder  described  in  the  previous  example.  AB  represents  the  initial 
pressure  of  the  steam  =  66  lbs.  per  square  inch,  and  BD  the  length  of  stroke, 
which  is  divided  into  six  equal  parts  by  the  lines  e^/y  g,  h,  i,  equal  in  depth 
to  the  pressure  of  the  steam  at  these  points  of  the  stroke,  as  obtained  in  the 
previous  example.    For  instance,  the  depth  of  the  line,  g,  is  f  rds  that  of 

j^B,   because   the   steam  is  cut  off 
at  /l  and  when  the  piston  arrives  at 
,         i         I         i      the  position  marked  g  the  pressure 
4/*«x.H</5tei»| ^      Qf   the    expanding    steam    will  be 

j  reduced  to  66  x  ^  =  44  lbs.  per 
square  inch.  The  curve  drawn 
through  the  points  thus  found  is  .a 
hyperbola :  it  represents  the  falling 
pressure  of  the  steam  during  ex- 
pansion. The  average  pressure  of 
the  steam  throughout  the  stroke 
may  be  calculated  approximately  by 
Simson's  J^ute : — 
To  the  sum  of  the  extreme  or- 
dinates  add  four  times  the  sum  of  the  even  ordinates,  and  twice  the  sum  of 
the  odd  ordinates.  This  sum,  multiplied  by  one-third  the  common  distance 
between  the  ordinates,  will  give  the  area  of  that  part  of  the  diagram 
marked  k,jy  D,/;  and  therefore  the  steam  pressure. 

Then  the  area  =  |  (66  +  22  -f-  4  (44  -f-  26*4)  -f-  2  x  33}  =  145-2  lbs. 

The  work  done  before  the  steam  was  cut  off  is  66  x  2  =  132  lbs.,  the 
total  work  done  is  145*2  -h  132  =  277*2  lbs.,  and  the  average  pressure 
throughout  the  stroke  is  277-2  -^  6  =  46-2  lbs.  per  square  inch,  or  46-2  — 


Fig.  331. — Diagram  of  steam-pressure. 


EXPANSION  OF  STEAM  IN  A  CYLINDER.  3/9 

42*9  =  3*3  lbs.  per  square  inch  more  than  the  pressure  found  by  the 
previous  rule. 

The  Maximum  Sconomy  of  Steam  is  obtained,  theoretically,  when 
the  whole  of  the  work  is  done  in  the  cylinder  by  the  elastic  force  pro- 
ceeding from  the  expansion  of  steam.  Therefore,  to  obtain  all  its 
useful  work,  steam  should  be  expanded  as  many  times  as  will  reduce 
its  final  pressure  to  the  lowest  point  consistent  with  doing  useful  work. 
When  expansion  ceases  to  do  useful  work  it  ceases  to  be  of  any  practical 
value. 

As  the  temperature  changes  with  the  pressure  of  steam,  the  reduction  of 
pressure  at  the  end  of  the  stroke  is  accompanied  by  loss  of  heat  and  cool- 
ing of  the  cylinder,  which  causes  the  condensation  of  a  portion  of  the  steam 
which  enters  at  the  following  stroke.  This  loss  of  heat  limits  the  number 
of  times  steam  can  be  economically  expanded  in  one  cylinder ;  and  wide 
variation  of  pressure  in  a  cylinder  produces  irregular  rotational  force  on  the 
crank-pin. 

The  less  the  difference  between  the  highest  and  lowest  temperature  in  a 
cylinder,  the  less  is  the  loss  of  heat  and  power  from  the  cooling  of  the 
cylinder  at  the  end  of  the  stroke.  Consequently,  when  large  measures  of 
expansion  are  used,  the  highest  economy,  derived  from  the  expansion  of 
steam,  will  be  obtained  by  expanding  the  steam  in  two  or  more  cylinders, 
according  to  the  grade  of  expansion  used,  by  which  means  the  range  be- 
tween the  highest  and  lowest  pressure  in  each  cylinder  is  diminished  as 
much  as  possible,  and  loss  of  heat  and  power  is  prevented. 

A  Steam-Jacket  keeps  the  metal  of  the  cylinder  at  a  uniform  tempera- 
ture, and  prevents  initial  condensation  of  the  steam.  It  also  prevents  con- 
densation during  expansion  by  imparting  heat  to  the  expanding  steam. 
The  heat  abstracted  from  the  steam  during  expansion  is  in  proportion  to 
the  work  performed  and  a  part  of  the  steam  is  condensed ;  the  greater  the 
measure  of  expansion  the  greater  is  the  loss  of  heat  and  the  greater  the 
necessity  for  supplying  the  expanding  steam  with  the  heat  lost  in  the  per- 
formance of  work,  llie  heat  corresponding  to  the  steam  condensed  in  an 
efficient  steam-jacket,  is — according  to  Mr.  Anderson's  theory — approxi- 
mately equal  to  the  amount  of  heat  converted  into  work.  If  H=the  total 
heat  of  the  absolute  pressure  of  the  steam  in  the  jacket,  from  Table  79,  and 
T  =  its  temperature,  from  Table  78,  the  heat-units,  U,  converted  into 
work  per  minute  are,  U  =  (IHPx  330c»)-^772,  and  the  weight  of  water  in 
lbs.,  W,from  the  steam  condensed  in  the  jacket  per  hour,  is  approximately, 
^^Ux  60  minutes,     p^^.  j^gt^      jj  ^y^^  pressure  of  the  steam  in  the 

jackets  of  a  steam-engine  of  1200  indicated  horse-power  be  150  lbs.,  or  150 

+  15=165  lbs.  per  square  inch  absolute  pressure,  the  heat  converted  into 

work  per  minute  is=(i200X  33CX>d)<7'772=5I295  units,  and  the  quantity  of 

.         .      ,  ,        ,.,.,.      51205x60  minutes 

water  from  the  steam  condensed  m  the  jackets  18=;^,,/   , — -ok — rzz6= 

^  (1194+32  )— 307 

2577700^     83 lbs.-iolbs.=358-3  galls.perhour;  or=3583lbs.x859units 

s=3i861bs.-^iolbs.=3i8'6  gallons  per  hour,  when  reduced  to  the  standard 
temperature,  from  and  at  2i2®Fahr. ;  and  =:  3186  lbs.  +  1200  =  2*66  lbs. 
of  water  per  indicated  horse-power  per  hour. 
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Tli«  Pr*Mrax«  of  StMua  in  »  CjOaAn  wImb  it  opaiu  to  tli« 

Exliftiist  may  be  found  by  this  Rule: — 

Terminal  pressure=       '"'tial  absolute  pressure  x  length  of  steam-stroke 

distance  travelled  by  the  piston  when  the  exhaust  opens. 

Example :  The  length  of  stroke  of  an  engine  is  6  feet,  initial  pressure  65  lbs. 

per  square  inch,  steam  is  cut  off  when  the  piston  has  travelled  i  foot  of  its 

stroke.     Required  the  pressure  in  the  cylinder  when  it  opens  to  the  exhaust, 

which  is  3  inches  before  the  piston  aicivcs  at  the  end  of  its  stroke. 

Then  -'-T-  5       ' =  14  lbs.,  the  terminal  absolute  pressure. 

Th«  Absolnto  Xmu  Ptmshts  of  Stwua  in  a  Cylindar  and  tli* 
TiiLRl  Preunr*  may  be  found  by  the  graphical  method  shown  in  Fig.  322. 

u.  Draw  two  lines, 
CB and  AG.at  right 
angles.  Using  any 
convenient  scale, 
make  the  length  AB 
=  the  initial  abso- 
lute pressure  of  the 
steam,  and  AC  = 
one  -  fourth  the 
length  of  AB.  With 
C  as  a  centre  and 
CB  as  a  radius,  draw 
the  line  B,  F,  G. 
The  length  of  the 
line  AG  will  repre- 
sent the  stroke  of 
the  piston,  plus  the 
clearance  measured 
in  terms  of  the 
stroke. 

Find  a  point  D, 


on   the   line  AG,  so  that  ^'-  = 


terms  of  the  stroke 


In  DA  take  E,  j 


that 


length    of   stroke. 
cut-off,  and  draw  the  perpendicular  line 


EF,  The  length  EF,  measured  on  the  same  scale  as  AB,  will  equal  the 
absolute  mean  pressure  of  the  steam,  from  which  deduct  15  lbs.  in  non- 
condensing-engines  and  3  lbs.  in  condensing  engines,  and  the  remainder 
will  be  the  effective  mean  pressure.  Join  the  comers  BG  by  a  straight  line, 
then  the  length  from  E  to  where  the  diagonal  line  cuts  EF  at  H,  measured 
on  the  same  scale  as  the  other  pressures,  will  equal  the  final  absolute 
pressure  of  the  steam.     Make  the  distance  from  G  to  D  so  that 

DG_  volume  of  clearance 

DA~  volume  of  cylinder  swept  by  the  piston  in  one  stroke. 

The  initial  absolute  pressure  of  the  steam  shown  in  the  diagram  Fig.  322, 

is  67  lbs.  per  square  inch,  the  steam  is  cut-ofi  at  one-third  of  the  stroke. 
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The  volume  of  one  steam-port  plus  the  clearance  space  between  the  piston 
and  the  cylinder-cover  when  the  piston  is  at  the  beginning  of  its  stroke,  is 
equal  to  a^th  the  stroke  of  the  piston,  therefore  GD  is  -jVth  part  of  DA. 
The  diagram  gives  a  mean  absolute  pressure  of  48^  lbs.  per  square  inch, 
and  a  final  absolute  pressure  of  24  lbs.  per  square  inch. 

The  Effective  Mean  Pressure  of  Steam  on  the  Piston  may  be 
found  approximately  without  the  aid  of  hyperbolic  logarithms  by  the  following 
formula : — 

Let  P  =  the  absolute  pressure  of  the  steam  in  lbs.  at  the  beginning  of  the 
stroke. 
R  =  the  number  of  times  the  steam  is  expanded. 

Then,  the  effective  mean  pressure  of  the  steam 

=  P  X  r  — — —  +  -^  j  —  back-pressure. 

Example :  Required  the  actual  or  indicated  horse-power  of  an  engine 
with  cylinder  62  inches  diameter,  length  of  stroke  39  inches,  pressure  of 
steam  in  the  cylinder  at  the  beginning  of  the  stroke  55  lbs-  per  square  inch, 
cut  off  at  13  inches  of  the  stroke,  number  of  revolutions  per  minute  64, 
back-pressure  3*06  lbs. 

Then,  the  steam  is  expanded  —  39  >"ches  stroke  ames,the  ab- 

13  mches  pomt  of  cut-off 
solute  pressure  of  the  steam  is  55  lbs.  +  15  lbs.  =  70  lbs.  per  square  inch, 

and  fi— Il2_4-__5  j  =  '658  x  70  lbs.  =  46*06  —  3*06  back-pressure  = 

43  lbs.  per  square  inch,  the  effective  mean  pressure  of  the  steam  oh  the 
Diston  and  ^^  ^  ^^  inches  diameter  x  7854  x  43  lbs,  x  3*25  feet  x  2  x  64 

'  33000  lbs. 

=  1636*55  actual  or  indicated  horse-power. 

The  Effective  Mean  Pressure  of  the  Steam  on  the  Piston 
thronghont  the  Stroke  may  be  found  by  this  Rule :  To  the  hyperbolic 
logarithm  of  the  total  number  of  expansions  add  i,  divide  the  sum  by  the 
total  number  of  expansions,  and  multiply  the  quotient  by  the  initial  absolute 
pressure  of  the  steam — that  is,  the  boiler  pressure  shown  by  the  steam-gauge 
plus  15  lbs. — which  will  give  the  average  pressure  of  the  steam  expanded 
the  given  number  of  times,  from  which  deduct  the  back-pressure,  and  the 
remainder  will  be  the  mean  effective  pressure  on  the  piston  throughout  the 
stroke. 

Example:  Required  the  mean  pressure  of  the  steam  in  a  compound 
engine,  the  initial  pressure  of  the  steam  in  the  high-pressure  cylinder  being 
69  lbs.  per  square  inch,  and  the  final  pressure  in  the  low-pressure  cylinder 
12  lbs.  per  square  inch. 

Then  the  initial  absolute  pressure  of  the  steam  is  69  -f-  15  =  84  lbs.  per 
square  inch,  and  ^*  ^^^-  ^al  absolute  pressure  ^      ^^^  ^^  ^^^^^  ^j 

12  lbs.  nnal  pressure 
expansions,  or  number  of  times  the  steam  is  expanded. 
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The  hyperbolic  logarithm  of  7  is  from  Table  90,  =  r9459,  which  added  to  i 

=  2*0450,  then  — ^  ^"^5?    -  =  '4208  X   84    lbs.-  absolute    pressure  = 
^  ^  7  expansions 

35*34  lbs.  per  square  inch,  the  average  pressure  of  steam  of  84  lbs.  absolute 

pressure  expanded  7  times,  and  if  3*34  lbs.  be  deducted  for  back-pressure, 

it  leaves  32  lbs.  per  square  inch,  the  effective  mean  pressure. 


Table  90. — Hyperbolic  Logarithms. 


Number. 

Logarithm. 

'  Number. 

1 

Logarithm. 

Number. 

Logaritlim. 

Number. 

Logaritbou 

:i 

•3231 

6 

1-7918 

loi 

2-3749 

16 

2-7726 

•4054 

6} 

1-8326 

11 

2-3979 

i6i 

2*8034 

li 

•5596 

1-8718 

:;} 

2*4201 

'7, 

2*8332 

2 

•6931 

H 

1-9095 

2-4430 

i7i 

2-8621 

2i 
2$ 

•8109 

7 

1-9459 

"i 

2-4636 

18 

2-8904 

'9162 

?} 

1-9810 

12 

1                     « 

2-4849 

i8i 

2-9173 

4 

i*om6 

2*0149 

:-} 

2-5052 

'9, 

2-9444 

3, 

I '0986 

2* 

2-0477 

2-5262 

i9i 

2-9703 

! 

1-1787 

8 

2-0794 

I2| 

2'5455 

20 

2*9957 

1-2528 

If 

2'1102 

'3, 

25649 

21 

3-0445 

zi 

1-3217 

2-1401 

,    '3i 
i3i 

2*5840 

22 

3*0911 

4 

1-3862 

H 

2*1691 

2*6027 

23 

3-1355 

4i 

1-4469 

9, 

2-1972 

13! 

26211 

1 

24 

3-1781 

4t 

1-5040 

'i 

n 

2*2246 

14 

26391 

25 

3-2189 

4l 

1-5581 

2*2513 

A4a 

2-6567    ; 

26 

3-2581 

5. 

1-6094 

9i 

2-2773 

2*6740 

27 

3-2958 

! 

1-6582 

10 

2-3026 

Hi 

2-6913 

28 

3-3322 

1-7047 

10}^ 

io| 

23279 

15, 

2*7081 

29 

3*3^73 

5i 

1-7492 

2-3513 

I5i 

2*7408 

30 

34012 

Mean  Pressure  of  Steam  in  the  Cylinder. — ^The  lowest  economical 
final  pressure  in  a  low-pressure  cylinder  is  in  practice  from  10  to  12  lbs. 
per  square  inch.  The  mean  pressure  of  steam  in  the  cylinders  of  steam- 
engines  worked  expansively,  with  various  initial  pressures  of  steam  worked 
down  to  a  final  pressure  of  12  lbs.  per  square  inch,  is  given  in  Table  91, 
which  has  been  calculated  by  the  previous  rule  with  hyperbolic  logarithms, 
but  no  allowance  has  been  made  for  back-pressure,  which  must  be  deducted 
to  obtain  the  effective  mean  pressure  throughout  the  stroke.  When  the 
back-pressure  is  not  known  it  will  be  sufficiently  near  in  most  cases  to 
assume  it  to  be  3  lbs.  per  square  inch. 

The  Table  shows  the  pressure  of  steam  required  for  a  given  number  of 
expansions,  the  point  of  cut-off  required,  and  the  mean  pressure  of  the 
steam  throughout  'the  stroke.  For  instance,  if  it  be  required  to  expand 
steam  10  times,  steam  would  be  required  of  120  lbs.  initial  absolute  pressure, 
the  point  of  cut-off  from  the  commencement  of  the  stroke  would  be  at  -^th 
of  the  length  of  stroke,  and  the  mean  pressure  of  the  steam  would  be 
3 9 '62  lbs.  per  square  inch. 


MEAN  PRESSURE  OF  STEAM  IN   THE  CYLINDER. 
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Table  91. — Showing  the  Mean  Pressure  of  Steam  in  the  Cylinders  of 
•    Steam-Engines  worked  Expansively  with  various  Initial  Pressures 
OF  Steam  worked  down  to  a  Final  Pressure  of  12  lbs.  per  Square 
Inch. 


^•2 

rac- 
hof 

i^i 

Absolute  Pressure. 

■fi-S 

Cx  5 

|li 

Absolute  Pressure. 

Number  of  Times  t 
Steam  is  Expands 

.2  5  2 

"  S  8  S 

•3-3 w  S 

Pi 

III 

ft; 

Ills- 

9  S.U 

Us; 

1 

o.a 

II 

9(A 

C  C  tn 

•g'3»J  S 

9W  S 

hi 

IN 

hi 

lbs. 

lbs. 

lbs. 

lbs. 

u 

i 

•9933 

13-5 

1340 

10 

ft 

•3302 

120 

39*62 

il 

! 

•9875 

15 

14-81 

loi 

A 

•3246 

123 

49*92 

u 

'9^11 

16 

1542 

104 

ft 

-3191 

126 

40*20 

«? 

ib 

•94«8 

17*1 

16-22 

loS 

ft 

•3139 

129 

40-49 

li 

i 

•9369 

18 

16-88 

II 

ft 

•3089 

132 

4077 

if 

ft 

•9090 

20 

18-18 

Hi 

ft 

•3040 

'35 

4104 

If 

» 

'8912 

21 

1871 

Hi 

1^ 

•2993 

138 

41-30 

2 

i 

•8465 

24 

2031 

III 

^ 

•2947 

141 

41-55 

H 

1 

•8048 

27 

2x73 

12 

ft 

•2904 

144 

41-81 

2\ 

tt 

•8010 

2618 

20 '95 

12J 

ft 

'2861 

147 

42-05 

i 

7664 

30 

2299 

12i 

ft 

'2821 

150 

42-31 

2% 
3 

} 

•6995 

36 

24*12 
2518 

I2I 
13 

ft 
ft 

•2780 
•2742 

156 

42*53 
4277 

3i 

J 

•6703 

39 

26*14 

i3i 

ft 

•2704 

159 

4299 

3i 

•6618 

40 

26*47 

ft 

•2668 

162 

43*22 

3i 

» 

•6436 

42 

27*03 

ft 

•2633 

165 

43*44 

3} 

^ 

•6191 

45 

27-85 

14 

ft 

•2599 

168 

43*66 

4 

i 

•5965 

48 

28*63 

14I 

ft 

•2566 

171 

43*87 

4i 

i 

•5757 

51 

2936 

I4i 

ft 

•2533 

174 

44-07 

4i 

I 

•5463 

54 

29*50 

i4i 

J 

•2502 

177 

44-28 

4i 

4i 

•5385 

57 

30-69 

15, 

•2472 

180 

44-49 

5 

\ 

•5218 

60 

31  30 

I5i 

ft 

'2412 

186 

44-86 

5i 

il 

•5063 

63 

31*89 

16 

ft 

•2358 

192 

45*37 

5i 

ft 

•4917 

66 

32-45 

i6i 

ft 

•2305 

198 

45*63 

51 

A 

•4781 

69 

32*98 

17 

ft 

•2255 

204 

46*02 

6 

i 

•4653 

72 

33-50 

'Z* 

ft 

•2206 

210 

46-32 

6J 

A 

•4532 

75 

33  99 

18 

ft 

'2i6o 

216 

46-65 

ft 

•4418 

Z^ 

34-46 

i8i 

ft 

•21 12 

222 

46*88 

6f 

* 

•43  >o 

81 

34-91 

19 

ft 

*2076 

228 

47*33 

7 

♦ 

*42o8 

84 

35*34 

I9i 

ft 

-2036 

234 

47*64 

71 

A 

'41 II 

85 

34  94 

20 

ft 

•1998 

240 

47*95 

7i 

ft 

*4002 

90 

3601 

21 

ft 

•1926 

252 

4853 

7J 

f 

•3932 

93 

3656 

22 

ft 

•i860 

264 

49  10 

•3849 

96 

36-95 

23 

ft 

•1800 

276 

49-68 

!* 

A 

•3779 

99 

3732 

24 

ft 

•I74I 

288 

50*14 

84 

ft 

•3694 

102 

3767 

25 

ft 

•1687 

300 

50*61 

8i 

A 

•3621 

^°5 

3802 

26 

ft 

•1638 

312 

51*10 

9 

i 

•3552 

108 

3!  "3^ 

27 

ft 

•I59I 

324 

51-54 

9I 

* 

'3486 

III 

3869 

28 

ft 

'1 547 

336 

51-97 

9a 

ft 

•3422 

114 

39-01 

29 

ft 

•1506 

348 

52-40 

9J 

ft 

•3361 

117 

3932 

30 

ft 

•1467 

360 

52-81 

The  Back-Pr«8sur0y  usually  3  lbs.  per  square  inch^  must  be  deducted 


384  THE  PRACTICAL  ENGINEER'S  HAND-BOOK. 

from  the  mean  pressure  of  the  steam  given  in  the  above  Table,  and  the 
remainder  will  be  the  effective  mean  pressure  throughout  the  stroke. 

Number  of  Times  the  Steam  in  Expanded. — If  the  number  of 
expansions  be  carried  out  in  two  or  more  cylinders,  as  in  double-expansion, 
triple-expansion,  and  quadruple-expansion  engines,  the  final  pressure  of  the 
steam  is  the  same  as  in  a  single  cylinder  engine,  and  this  table  applies  to 
all  steam-engines  in  which  the  steam  is  worked  expansively.  The  total 
expansion  is  equal  to  the  number  of  cubic  feet  of  space  behind  the  low- 
pressure  piston  when  the  exhaust  opens,  divided  by  the  space  behind  the  high- 
pressure  piston  at  the  point  of  cut-off ;  or=final  volume -7- initial  volume. 

The  Uameter  of  the  Cylinder  of  a  Steam-Engine  may  be  found 
from  Table  91,  as  shown  by  the  following  example — 

Example:  Required  the  diameter  of  a  cylinder  for  an  engine  of  8cx5 
indicated  horse-power,  with  an  initial  pressure  of  steam  of  90  lbs.  per  square 
inch,  above  the  atmosphere,  with  a  speed  of  piston  of  420  feet  per  minute, 
back-pressure  3*02  lbs.  per  square  inch,  the  steam  to  be  expanded  8f  times  } 

Then  the  initial  absolute  pressure  of  the  steam  will  be  =  90+  15  lbs.= 
105  lbs.  per  square  inch,  the  mean  pressure  of  which  with  8f  expansions  is 
according  to  the  Table=38'02  lbs.  per  square  inch,  from  which  deduct 
the  back- pressure,  and  it  leaves  38'02— 3*02=35  lbs.,  the  effective  mean 
pressure  of  the  steam  throughout  the  stroke. 

The  total  pressure  on  the  piston  to  develop  800  horse-power  will  be  ^ 

33000x800  IHP         r  ^/:    iL         J        62762  lbs. 

■^^  , ; =  62762  lbs.,  and    — ~,^ =   1703    square 

420  feet  per  mmute  35  lbs.  pressure 

inches  area  of  the  cylinder,  and  aY    ^^^=say  48  inches  diameter. 

The  Diameter  of  a  Cylinder  suitable  fi>r  a  given  sise  of  Crank- 
shaft, for  a  low-pressure  steam-engine  using  steam  of  under  35  lbs.  initial 
pressure  per  square  inch,  may  be  found  by  the  following  formula : — 

Let  D  =  the  diameter  of  cylinder  in  inches ;  ^  =  the  diameter  of  the 
crank-shaft  in  inches ;  L  =  the  length  of  stroke  in  feet. 


Then 


1)=^^ 


55rf» 


Example:  What  diameter  of  cylinder  is  suitable  for  an  engine  using 
steam  of  30  lbs.  per  square  inch  initial  pressure,  the'  diameter  of  the  crank- 
shaft being  13I  inches,  and  the  length  of  stroke  4  feet? 

TT.^.,  ^'15  ><  i3'5  ><  J3'5  ><  i3'5  inches  _  ,/ — y-     ^    .    ,        , 

^'°  4  feet  len^h'Sf  st^kl ^^^'^  =  ^*  "»^*^««'  *^« 

diameter  of  cylinder  required. 

Diameter  of  Cylinder  of  Non-Condensing  Steam-Engines. — ^The 
area  of  the  piston  should  be  in  proportion  to  the  pressure  of  the  steam  and 
the  speed  of  the  piston.  The  piston-area  per  nominal  horse-power  may  be  8 
square  inches  for  very  high  pressures  and  speed,  9^  to  10  square  inches  for 
high  pressures  and  speed,  and  11  square  inches  for  moderate  pressures  and 
speeds.     Diameter  =  y(area  in  square  inches  -7-  7854). 

Diameter  of  Cylinder  of  Condensing  Bteam-Engines. — ^The  area 
of  the  piston  per  nominal  horse-power  may  be  from  13  to  16  square  inches 
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for  very  high  pressures  of  steam,  from  1 8  to  20  square  incnes  for  high 
pressures,  and  from  22  to  25  square  inches  for  low  pressure  steam. 

Diamoter  of  Cylinder,  per  Nonunal  Horse-Fewer,  of  Double 
Ezpansioa  Compoimd  Bteam-Engines,  with  one  high-pressure  cylinder 
and  one  low-pressure  cylinder. 

Diameter  of  high-pressure  cylinder  =  ^1  nominal  horse-power  x  26 

V  ratio  of  the  areas  of  cylmders. 
Diameter  of  low-pressure  cylinder  =  diameter  of  high-pressure  cylinder 

X  Vratio  of  cylinder-capacity. 

Example :  Required  the  diameter  of  the  cylinders  of  a  compound  steam- 
engine  of  250  nominal  horse-power,  the  ratio  of  the  cylinder  areas  being 
4  to  I. 

Then  i?^ — ^  =  H/^1625  =  40'32  inches,  diameter  of  high-pressure 
4 
cylinder ; 

and  40'32  x  l/T=  80*64  inches,  diameter  of  low-pressure  cylinder. 
The  Diameter  of  Cylinder  required  for   a  given  Aotnal   or 
Indicated  Horse-power  may  be  found  by  the  following  Rule : — 
Diameter  of  cylinder  = 

33000  X  number  of  indicated  horse-power 


<i. 


7854  X  mean  pressure  of  steam  in  lbs.  x  speed  of  piston  in  feet. 

Example :  Required  the  diameter  of  cylinder  for  an  engine  with  steam 
of  42  lbs.  per  square  inch  mean  pressure,  length  of  stroke  2  feet,  to  develop 
25  indicated  horse-power  when  making  70  revolutions  per  minute. 

Then    j/  33°°°,><  '5  horse-power        -      ^  .^^^^     ^^  ^.^^^^^ 

V  7854  X  42  lbs.  X  (2  feet  x  2  x  70)     ^* 
of  cylinder  required  for  that  engine. 

In  Compound  Engines  the  steam,  after  performing  work  in  one  cylinder, 
is  exhausted  into  and  performs  work  in  another,  or  in  several  cylinders. 
The  expansion  of  the  steam  being  carried  out  in  two  or  more  cylinders,  the 
loss  from  cooling  produced  by  extreme  variation  of  temperature  is  diminished 
as  much  as  possible  by  dividing  the  extreme  range  of  temperature  of  the 
steam  between  several  cylinders.  The  economy  effected  by  using  a  double 
expansion  compound  engine,  with  one  high-pressure  and  one  low-pressure 
cylinder,  instead  of  a  simple  engine,  is  about  25  per  cent,  of  fuel.  The 
expansion  of  the  steam  is  carried  out  in  two  stages  in  two  cylinders  in 
double-expansion  compound  engines,  in  three  stages  in  three  cylinders  in 
triple-expansion  engines,  and  in  four  stages  in  four  cylinders  in  quadruple- 
expansion  engines. 

The  Batio  of  tlie  Capacities  of  tlie  Cylinders  of  Compound 
or  DonUe-ezpansion  Engines  depends  upon  the  initial  pressure  of  the 
steam  in  the  high-pressure  cylinder.  The  area  of  the  low-pressure  cylinder 
of  a  compound  engine  is  calculated  as  if  all  the  power  were  to  be  developed 
in  that  cylinder.  When  the  diameter  of  the  low-pressure  cylinder  would  be 
excessive,  the  capacity  of  the  low-pressure  cylinder  is  divided  between  two 
cylinders,  and  the  cylinders  are  arranged  to  act  on  a  three-throw  crank,  with 
crank-pins  placed  at  equal  angles  of  120°  apart,  in  order  to  secure  equality 
of  strains  and  power  and  uniformity  of  turning-effort.  The  diameters  of  the 

c  c 


386  THE  PRACTICAL  ENGINEER'S  HAND-BOOK, 

cylinders  of  a  double-expansion  compound  condensing  engine,  with  one 
high-pressure  cylinder  and  one  low-pressure  cylinder,  for  a  given  actual  or 
indicated  horse-power  may  be  found  by  the  following  Rule : — 

Let  IHP  =:  the  indicated  or  actual  horse-power  of  the  engines. 

£  =  the  effective  mean  pressure  of  the  steam  in  lbs.  per  square 

inch. 
S  =  the  length  of  stroke  in  feet. 

R  =  the  number  of  revolutions  of  the  crank-shaft  per  minute. 
LP  =  the  area  of  the  low-pressure  cylinder  in  square  inches. 
HP  =  the  area  of  the  high-pressure  cylinder  in  square  inches. 
Then  LP  =    33000  x  IHP 
E  X  (S  X2  X  R) 

LP 


HP  = 


initial  absolute  working-pressure  x  *042< 


Example:  Required  the  diameters  of  the  two  cylinders  of  a  marine 
compound  condensing  engine  to  indicate  1400  horse-power,  length  of 
stroke  3  feet  9  inches,  number  of  revolutions  per  minute  56,  the  working, 
pressure  of  the  steam  by  the  steam-gauge  being  90  lbs.  per  square  inch, 
and  the  mean  pressure  37  lbs.  per  square  inch. 

Then  the  absolute  pressure  of  the  steam  will  be  90  +  15  =  105  lbs.  per 
square  inch. 

and  — ^33000  x_i40o ^__  square  inches,  the  area  of  the  low- 

37  lbs.  X  (375  X  2  X  56) 
pressure  cylinder. 

^973 —  675  square  inches,  the  area  of  the  high-pressure 

105  lbs.  X  -042        '  -^    -» 

cylinder. 
Then  a/ ^^73  =  gay  62  inches,  the  diameter  of  the  low-pressure 
cylinder. 
-  JS    =  say  29 J  inches,  the  diameter  of  the  high-pressure 

cylinder. 

In  order  to  provide  for  the  loss  due  to  the  fall  in  pressure  of  the  steam 
in  passing  from  one  cylinder  to  the  other,  their  areas  found  by  the  above 
Rules  should  be  increased  to  the  extent  of  from  10  to  20  per  cent. 

The  Proportion  of  tlie  Cylindem  of  Triple-Ezpajudon  Engines 
depends  upon  the  initial  pressure  of  the  steam  in  the  high-pressure  cylinder. 
The  diameters  of  the  cylinders  of  triple-expansion  surface-condensing 
marine  engines  may  be  calculated  by  the  following  formulae : — 

Let  IHP  =  the  indicated  horse-power  of  the  engines. 

£  =  the  effective  mean  pressure  of  the  steam  in  lbs.  per  square 

inch. 
S  =  the  length  of  stroke  in  feet. 

R  =  the  number  of  revolutions  of  the  crank-shaft  per  minute. 
]PP  =  the  area  of  the  low-pressure  cj^linder  in  square  inches. 


^. 
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HP  =  the  area  of  the  high-pressure  cylinder  in  square  inches. 
M  =  the  area  of  the  intermediate  cylinder,  in  square  inches. 
Then  LP  =  ^J3ooo  x  IHP 
E  X  (S  X  2  X  R) 

rip  «_  LP 

initial  absolute  working-pressure  x  "042 
M  =  HP  X  2-5. 

Example:  Required  the  diameters  of  the  three  cylinders  of  a  triple 
expansion  engine  to  indicate  1000  horse-power,  length  of  stroke  3  feet 
6  inches,  number  of  revolutions  per  minute  60,  the  working-pressure  of  the 
steam  by  the  steam-gauge  being  1 50  lbs.  per  square  inch,  and  the  mean 
pressure  of  the  steam  30  lbs.  per  square  inch. 

Then  the  absolute  pressure  of  the  steam  will  be  150  -f-  15  lbs.  =  165  lbs. 
per  square  inch, 

^^^  iox7r^"x"2'x6o^  =2620  square  inches,  the  area  of  the  low-pressure 

cylinder, 
£^sguare_yidies  _  ^^^  ^^^^^  .^^^j^^g^  ^j^^  ^^^^  ^^  ^^^  high-pressure 

cylinder, 
and  379  square  inches  x  2-5  =  948  square  inches,  the  area  of  the  inter- 
mediate cylinder. 

Then  /C/  _  _  =  58  inches,  the  diameter  of  the  low-pressure  cylinder, 
\/ :-4- —  =  35  inches,  the  diameter  of  the  intermediate  cylinder, 

//-^SL  ^22  indhes,  the  diameter  of  the  high-pressure  cylinder. 

The  proportion  of  these  cylinders  is  in  round  numbers  i :  2}  :  7,  which  is 
correct  for  this  initial  pressure  of  steam.  All  the  cylinders,  or  at  least  the 
high-pressure  cylinder,  should  be  steam- jacketed  to  obtain  the  utmost 
economy. 

The  best  arrangement  of  tlie  Cranln  to  ensure  uniformity  of  rotative 
pressure  on  the  crank-shaft  is  to  place  them  at  equal  angles  of  120°  apart; 
and  to  make  the  crank  of  the  high-pressure  cylinder  the  leading  crank,  the 
low-pressure  crank  should  follow  and  the  intermediate  crank  should  be  last. 
The  economy  effected  by  using  a  triple-expansion  engine  instead  of  a  double- 
expansion  or  compound  engine  averages  25  per  cent,  in  the  best  engines; 
in  some  cases  as  much  as  33  per  cent,  saving  of  fuel  has  been  effected. 

The  Economy  of  Triple-Szpannon  and  Qnadmple-Szpansion 
Engines  is  due,  partly  to  the  utilization  of  the  principle  of  expansion  in 
using  steam  of  the  highest  pressure  and  expanding  it  as  many  times  as 
possible  in  the  most  efficient  manner,  the  extreme  range  of  temperature 
being  divided  between  several  cylinders ;  and  partly  to  the  means  afforded 
for  the  effectual  re-evaporation  of  the  initial  condensation  of  steam,  the 
steam  condensed  in  the  small  cylinder  being  re-evaporated  to  steam  of  a 
lower  pressure  in  each  larger  cylinder  and  used  expansively  upon  its 
piston. 


c  c  2 


388  THE   TRACTICAL  ENGINEER'S  HAND-BOOK. 

The  ]Uftiaet«rtiof  the  Cylinders  of  Qnadrapld-SzpAiudoa  SiuAMe- 
CondMudng  Maxiae-Siigines  may  be  found  by  the  following  formula: — 

Let  IHP  =  the  indicated  horse-power  of  the  engines. 

E  =  the  effective  mean  pressure  of  the  steam  in  lbs.  per  square 

inch. 
S  =  the  length  of  stroke  in  feet. 

R  =  the  number  of  revolutions  of  the  crank-shaft  per  minute 
LP  =  the  area  of  the  low-pressure  cylinder  in  square  inches. 
HP  =  the  area  of  the  high-pressure  cylinder  in  square  inches. 
A  =  the  area  of  the  first  intermediate  cylinder  in  square  inches. 
B  =  the    area  of  the  second   intermediate  cylinder  in  square 
inches. 

Then  LP  =  W^^^SJ^^^. 

L  X  (b  X  2  X  R) 

tjp  «. LP 

Initial  absolute  working  pressure  x  'O42 ' 
A  =  HPx2. 
B  =  Ax2. 

Example :  Required  the  diameters  of  the  four  cylinders  of  a  quadruple- 
expansion  engine  to  indicate  500  horse-power.  Length  of  stroke,  2  feet ; 
number  of  revolutions,  105;  the  working  pressure  of  the  steam  by  the 
steam-gauge  being  165  lbs.  per  square  inch,  the  steam  to  be  expanded 
15  times. 

Then  the  absolute  of  the  steam  is  165  -|-  15  =  180  lbs.  per  square 
inch;  the  mean  pressure  of  which,  when  expanded  15  times,  is,  according 
to  Table  91,  =  44*49  ^^s->  ^^^  ^^  3*^9  1^^-  ^  deducted  for  back-pressure,  it 
leaves  44*49  ~~  S'^9  =  4i'4  l^s>  ^^^  effective  mean  pressure. 

And  33QQQ       — 5^  —  94893  square  inches,  the  area  of  the  low- 

4I'4v,^  X  2  X  105) 

pressure  cylinder. 

^   ^^    ^^ —   =    125-52  square  inches,  the  area  of    the  high- 
180    X   -042  J  J       ^ 

pressure  cylinder. 

125*52x2  =  251  04  square  inches,  the  area  of  the  firs/  intermediate 
cylinder. 

25i'04X2  =  50208  square  inches,  the  area  of  the  x^f<?«// inter- 
mediate cylinder. 

Then    1/^—91.  =  34I,  or  say  35  inches,  the  diameter  of  the  low- 
pressure  cylinder. 

1^^=  25!,  or  say  25 J  inches,  the  diameter  of  the  second 
intermediate  cylinder. 

1 7  J,  or  say  18  inches,  the  diameter  of  the  firs/  inter- 


V 
V 


251-04  _ 

7854""" 

mediate  cylinder. 
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/V  "^"'~~  '^«' '"'  ^y  '*i  inches,  the  diameter  of  the  high- 
pressure  cylinder. 
The  proportion  of  these  cylinders  is  in  round  numbeis,  1:2:4:7^, 
which  is  correct  for  this  initial  pressure  of  steam. 
07liiid«rK  should  be  cast  from  hard  close- 
grained    cast-iron,  perfectly  free  from   honey- 
comb.   The  cylinders   of    marine-engines  are 
usually  fitted  with  a  liner  of  either  Whilworth's 
jcompressed  steel,  or  hard   cast-iron,  having  a 
flange  at  one  end  by  which  it  is  bolted  to  the 
cylinder,   as  shown  in   Fig.   323.     The  space 
between  the    liner   and  the   cylinder-casting  is 
from  I  inch  to  i|  inches,  forming  a  jacket  which 
can  be  filled  with    steam   from  the  boiler  to 
prevent  condensation. 

Cast-Inm  Liners  for  Cyllndsrs  should  be 
cast  from  tough,  hard,  close-grained  metal ;  the 
following  is  a  good  mixture  of  metal  for  this 
purpose — 

While 3  cwt. 

Summerlee 3    „ 

Weardale 2     „ 

Scotch  Mixed  Brands.  No.  3  .        .     .    6    „  Fig.j,3.-Cyiind«-ii«r, 

Good  Clean  Scrap      .  ■     6    ,, 

melted  and  cast  into  pigs  in  order  to  be  properly  mixed.  A  test-bar  of 
cast-iron  cast  from  this  mixture,  i  inch  square,  placed  upon  supports  3  feet 
apart,  should  bear  a  gradually  applied  weight  of  about  7}  cwt.,  with  a 
deflection  of  about  -fj  inch. 

Til*  ThickneH  of  a  Cast-iron  lanar  for  a  OjUndor  may  be  found 
by  the  following  formula : — 
Let  D  =  the  diameter  of  the  cylinder  in  inches. 

P  =  the  initial  pressure  of  the  steam  in  lbs.  pei  square  inch. 
C  =  a  constant  divisor  =  2400  for  cast-iron. 
T  =  the  thickness  of  the  liner  in  inches. 
ThenT=^i'. 

ExampU :  Required  the  thickness  of  a  cast-iron   liner  for  a  cylinder 
60  inches  diameter ;  initial  pressure  of  the  steam  70  lbs.  per  square  inch. 

Then  ^SJ^-2°  =^  175  inch. 
2400  '^ 

The  ThicknoM  of  a  8t««l  Linor  for  a  Cylindar  may  be  found  by  (he 
above  Rule  by  using  a  constant  divisor,  C,  of  3500. 

Example :  Required  the  thickness  of  a  steel  liner  for  a  cylinder  40  inches 
diameter ;  initial  pressure  of  the  steam  75  lbs.  per  square  mch. 
Then  i£^5  =  .gg  jnch. 
3500 
The  ThioknoM  of  Kotal  ftor  Marino-EngiiM  Crlindom  may  be 
fotmd  by  the  following  formula: — 
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Let  D  =  the  diameter  of  the  cylinder  in  inches. 

P  =  the  initial  pressure  of  the  steam  in  lbs.  per  square  inch. 
T  =s  the  thickness  of  the  cylinder  in  inches. 

ThenT=  ^2ll  +  -6. 

3000 

Example :  Required  the  thickness  of  a  marine-engine  cyUnder  50  inches 
diameter;  initial  pressure  of  the  steam  fo  lbs.  per  square  inch. 

,„       50  X  70 

Looomotivv-Enguie  Oirliitdors  are    usually  f   inch   thick  when    17 
inches  diameter,  i  inch  thick  when  iS  inches  diameter,  and  i^  inch  thick 


Fig.  35<.— Plan  oftli*  cylmdeii  of  •  kcemoiive-tnguM. 

when  19  inches  diameter.  In  locomotive  cylinders  a  considerable  allow- 
ance is  necessary  for  re-boring,  to  provide  for  wear  and  tear  due  to  high 
piston  speed,  and  for  the  liability  of  the  cylinders  to  become  scored  by 
ashes  drawn  into  the  cylinder  through  the  eshausl-passages,  when  the 
engine  is  running  with  the  steam  shut  off.  A  plan  of  the  cylinders  of  a 
passenger  locomotive  engine  is  shown  in  Fig.  324.    The  cylinders  are 
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made  of  the  best  close-grained  cast-iron,  twice  nin,  as  hard  as  can  be 
worked,  and  free  from  honey-comb.  The  front  cover  of  each  cylinder  is 
dished  to  correspond  to  the  pislon,  and  the  back  cover  is  provided  with  lugs 
for  carrying  the  front  ends  of  ihe  slide-bars.  The  cylinders  are  18  inches 
diameter,  and  2  feet  4J  inches  centre  to  centre,  length  of  stroke  z6  inches: 
they  are  attached  10  the  frames  hy  flanges,  and  secured  by  turned  bolts, 
driven  into  rose-bitted  holes.  The  tops  of  the  cylinders  are  generally 
covered  with  thin  fire-brick  or  cement.  The  pistons  are  of  tough  cast-iron, 
the  packing  rings  are  of  cast-iron,  turned  \  an  inch  larger  than  the  cylinder, 
and  then  cut  and  sprung  into  their  places.  The  piston-rods  are  made 
of  miid  steel  aj  inches  diameter.  The  steam-ports  are  ij  inches  wide 
and  15  inches  long,  and  the  exhanst-port  is  3^  inches  wide ;  thickness  of 
bridges,  i  inch.  ITie  slide-valves  are  made  of  hard  gun-metal,  the  slide- 
valve  spindles  are  of  best  Yorkshire  iron.  The  slide-bars  are  made  of 
mild  cast-steel,  and  the  slide-blocks  are  of  chilled  cast-iron  j  the  cross- 
head  and  gudgeons  are  of  best  Yorkshire  iron;  the  gudgeons  are  case- 
hardened,  and  forced  into  Ihe  cross-heads  by  hydraulic  pressure.  The 
taper  of  the  cone  in  the  cross-head  is  i  in  16,  and  m  the  piston  1  in  6 :  the 
number  of  threads  per  inch  of  the  screwed  end  of  the  piston-rod  =  ti. 

Locomotive-engine  cylinders  should  be  cast  from  melal  of  the  followii^ 
mixture,  or  equal  quality : — 

Pontypool  Cold  Blast,  No.  4  .        .        .        ,10  cwt. 
Clyde  No.  4       .        .        •     •      7   .. 

Coltness  No.  4   .        .        .        ■      3  » 


melted  and  cast  into  pigs,  in  order  lo  be  properly  mixed. 
Th*  Oyluidcr  of  a  Sorisontal  Stationary-IiiigiiM  is  shown  in  Fig. 


3?5.     It  is  provided  with  a  liner  of  cast-iron.    Stationary-engine  cylinders 
should  be  cast  from  metal  of  the  following  mixture,  or  equal  quality : — 

Pontypool  Cold  Blast,  No.  4    .        .  -8  cwt. 

Monktand  No.  4        .        .        >     .     6    „ 

Clyde  No.  4     .        -        .        ■     6    » 

melted  and  cast  into  pigs,  in  order  to  be  properly  mixed. 


392 


THE  PRACTICAL  ENGINEER'S  HAND-BOOK. 


Table  92. — Proportions  of  the  Cylinders  of  Horizontal  and  Vertical 

Non-Condensing  Sationary-Engines. 


Light  Ekginb  with  Short  Stroke. 

Strong  Engine  with  Long  Stroke. 

Nominal 
Hone* 

Diameter 
of 

Length 

speed  in 
Revolu- 

Nominal 
Horse- 

Diameter 
of 

Lenfth 

Approxi- 
mate 

power. 

Cylinder. 

Stroke. 

tions  per 
Minute. 

power. 

Cylinder. 

Stroke. 

Weight. 

Inches. 

Inches. 

Inches. 

Inches. 

Cwts. 

ij 

4f 

7 

215 

3 

5 

10 

13 

2 

4:: 

8 

180 

4 

6 

12 

16 

2\ 

si 
6| 

8 

180 

5 

7 

14 

2J 

3 

8 

180 

6 

8 

16 

30 

4 

6; 

10 

150 

I 

9 

18 

41 

5 

7? 

12 

125 

10 

20 

62 

6 

4 

12 

125 

10 

II 

22 

72 

7 

1 
9i 

12 

125 

12 

12 

24 

83 

8 

12 

125 

14 

13 

26 

92 

9 

10^ 

12 

125 

16 

14 

28 

100 

10 

105 

14 

no 

18 

15 

30 

116 

12 

12 

14 

no 

20 

16 

32 

132 

14 

135 

16 

100 

25 

18 

36 

174 

16 

20 

80 

30 

20 

40 

210 

Table  93. — Proportions  of  the  Cylinders  of  Compound,  or  Double- 
Expansion,  Condensing  Marine-Engines. 


Nominal 
Horse- 
power. 

Di  1  meter 
of  High- 
presHure 
Cylinder. 

Diameter 

of  IX)W- 

prcsstire 
Cylinder. 

Length 
Stroke. 

Nominal 
Horse- 
power. 

Diameter 

of  High- 

oressure 

Cylinder. 

Diameter 
of  Low- 
pressure 

Cylinder. 

Lensth 
Stroke. 

8 
10 

25 

40 

50 

55 
70 

85 

100 

no 

Inches. 

7 

8 
12 
16 

17 
18 

21 

23 

25 

27 

Inches. 

13 
14 

24 
30 

34 

36 
40 

44 
48 

50 

Inches. 

9 
12 

14 
22 

24 

24 
24 

30 
30 
33 

120 

135 

140 

155 

175 
220 

280 

320 

360 

480 

Inches. 

28 

29 

30 
32 

38 
45 
48 

50 
56 

Inches. 

52 

56 

57 
60 

62 

70 

78 

84 
90 

105 

Inches. 

3<5 
39 
42 

45 
48 
48 
60 

72 

The  CyUndem  of  a  Set  of  Triple-Expansion  Surfitce-CondenBiBg 
Marine-Engines  are  shown  in  Fig.  326.  The  high-pressure  cylinder  is 
19  inches  diameter,  the  intermediate  cylinder  is  30  inches  diameter,  and  the 
low-pressure  cylinder  is  50  inches  diameter,  length  of  stroke  36  inches.  The 
high-pressure  cylinder  is  fitted  with  a  piston-valve  9  inches  diameter,  the 
intermediate  and  low-pressure  cylinders  are  fitted  with  double-ported  slide- 
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valves.  The  weight  of  the  slide-valve  of  the  low-pressure  cylinder  is 
counterbalanced  by  a  balance-cylinder  at  the  upper  end  of  the  valve-spindle. 
These  engines  indicated  800  horse-power,  the  boiler-pressure  of  Ihe  steam 
being  150  lbs.  per  square  inch. 


Fig.  ji6.-Cylindtnor»  •«  of  trip1t-r»i«ijion  maiinc-rngino. 

Marine-engine  cylinders  should  be  cast  from  metal  of  the  following 
mislure,  or  equal  quality — 

Gartsherrie,  No.  3 3  cwt. 

Monkland     No.  3 3  „ 

Coltness       No.  3 3   „ 

Summerlee,  No.  3 3   „ 

Clyde  No.  3 3   „ 

Good  clean  scrap 5   „ 

melted  and  cast  into  pigs,  in  order  to  be  properly  mixed. 

A  test -bar  cast  from  any  of  ihe  above  cylinder-mixtures  of  cast-iron,  i  inch 
square,  placed  upon  supports  3  feet  apart,  should  bear  a  gradually-applied 
weight  of  from  7^  cwt.  (0  8  cwt.,  with  a  deflection  of  from  g  inch  to  }  inch. 
Tim  Telocity  of  Staum  throngli  the  Cylinders  of  Triple-Expui- 
siou  Engines  should  not  exceed  300  feet  per  second,  and  the  velocity  of 
the  exhaust-steara  should  not  exceed  170  feet  per  second.  The  velocity  of 
the  steam  in  feet  per  second  may  be  found  by  this  /fule  : — 

Veloc'tv  —  ^^^^  °^  cylinder  x  piston-speed  in  feet  per  second 
area  of  the  opening  of  the  port. 
The  initial  velocities  of  the  steam  in  triple  expansion  engines   are 
frequently  as  follows  : — 

HiEh-pmnm    InlEimRtiiin    Lov-pieniirc 
Cylinder.         C)'t[ndEt.  Cylindcc. 

Initial  velocity  of  steam  per7  . 1,  i.  , 

.       '  »^     f    =     100  ft.        100  It.        250  ft, 

second     ....  J  ^ 

Initial   velocity   of  exhaust-)    _       i,         ,,„r.         .  -  r. 

■^       .  I    =       90  ft.        IJO  il.        1 40  ft. 

steam  per  second         .    .  > 
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In  some  cases  the  velocity  of  the  ezhanst-steam  in  the  low-pressure 
cylinder  is  as  high  as  i6o  feet  per  second  without  detrimental  effect. 

Table  94. — Proportions  of  the  Ctlinders  op  both  small  and  large 
Triple-Expansion  Surface-Condensing  Marine-Engines,  Work- 
ing-Pressure OF  Steam,  from  150  to  160  lbs.  per  square  inch. 


MaaMofVcsMt 

Diameter 
of  High- 
preMim 
Cytiodw. 

Diameter  of 

lotermediate 

Cylinder. 

DuuDcts 
of  Lov- 
prasmn 
Crlindcr. 

Lvicthal 
Strakc. 

Inches. 

Inches. 

Indie*. 

locbct. 

Roseland          .... 

6 

9 

16 

12 

Cassandra    . 

•    • 

9 

14 

22 

IS 

Condor    . 

II 

i6i 

30 

21 

Somalie 

i3t 

21 

34 

«4 

Elgiva      . 

»s 

24 

40 

33 

Warrior 

16 

24 

40 

34 

J.  Joicey 

,6i 

17* 

26 

43 

36 

Charles 

29 

47 

33 

Teresa     . 

18 

30 

48 

36 

Fijian 

i8| 

31 

49 

36 

Caimryan 

ib\ 

31 

51 

36 

Gloamin 

19 

30 

50 

4* 

Mandalay 

20 

33 

54 

36 

Drever 

20 

33 

54 

36 

Bleville    . 

21 

33 

5» 

43 

Era     .        .        , 

21 

34 

57 

39 

Obeona   • 

21 

35 

57 

39 

Thames 

2ii 

33 

54 

36 

Loch  Etive 

21: 

34 

56 

4» 

Northenden 

2l| 

35 

57 

39 

Indian  Prince 

21^ 

37 

58 

39 

Flamboro 

22 

35 

58 

4» 

Clitus  . 

23i 

37 

61 

43 

Rosemorran 

23a 

38 

63 

43 

Saint  Oswald 

24 

39 

64 

4» 

Euterpe    . 

34 

42 

69 

48 

Dunbrodie  . 

24i 

39 

62 

43 

Chingtua 

25 

40 

62 

48 

Anglian 

26 

42 

69 

43 

Argus 

26 

43 

70 

45 

Methley  HaU 

27 

44 

71 

48 

Iran 

28 

43 

77 

51 

Port  Pirie     . 

29 

44 

74 

48 

Locksley  Hall  • 

29 

47 

76 

51 

Monmouthshir 

30 

47 

70 

51 

Buffalo     . 

. 

33 

54 

86 

60 

Lusitania 

36 

60 

96 

48 

Orizaba    • 

40 

66 

100 

73 

Orinoco 

42 

66 

96 

66 

Ormui     . 

t '       • 

. 

.. 

73 

112 

7» 
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The  indicated  horse-power  of  the  engines  given  in  the  previous  Tabic 
may  be  calculated  approximately  by  taking  the  average  piston-speed  and 
mean-pressure  of  the  steam  in  the  cylinders  of  triple-expansion  engines  in 
merchant-steamers.  It  may  be  assumed  that  the  effective  mean-pressure 
of  the  steam  of  the  three  cylinders  reduced  to  the  low-pressure  cylinder, 
averages  one-fifth  of  the  initial  absolute  pressure,  and  that  the  average 
piston-speed  is  500  feel  per  minute  for  engines  of  moderate  speed,  and 
770 feel  per  minute  for  high-speed  engines:  the  latter  being  the  piston- 
speed  of  the  engines  of  some  Atlantic  steamers.  Take  for  insUnce  the 
engines  of  the  steamer  Thames :  the  working-pressure  of  the  steam  is  1501b?. 
per  square  inch  =  150-1-  15  =  165  lbs,  per  square  inch  absolute  pressure, 
and  165  X  ■i=  3J  lbs.,  the  assumed  efiectivc  mean-pressure,  the  low- 
pressure  cylinder  is  54  inches  diameter,  then,  if  working  at  the  moderate 
piston-speed  assumed,  the  engines  would  develop  ^ 


54  X  54  inches  x  7854  x  33  lbs,  x  500  feet  pislon-spced 


=  1 145,  indi- 


cated horse-power.  ^' 

Again,  the  engines  of  the  large  steamer  Orizaba,  if  working  at  the 
highest  piston-speed  assumed,  would  develop  = 
100  X  100  inches  x  7854  x  33  lbs,  x  770  feet  piston-speed  _  ^^^  ... 

cated  horse-power.  ^^ 

Ojlindar  EMftpe-TalTM,  shown  in  Fig.  327,  are  fitted 
to  cylinder-covers  to  allow  the  escape  of  water  from  con- 
densation or  priming,  which,  in  case  there  were  no  relief- 
valves  and  the  drain-cocks  were  closed,  could  only  escape 
from  the  cylinder  by  forcing  the  slide-valve  from  its  seat. 
The  diameter  of  the  escape-valve  may  be  equal  lo  one- 
sixteenth  the  diameter  of  the  cylinder. 

Bolts    of   Cyllndsx^orera. — The    working-strain    on 
the    bolts  of  cylinder-covers  should  not  exceed  2000  lbs.   ''«■  3'7.-Cviindei 
per  square  inch  of  section. 

The  number  of  bolts  required  for  a  cylinder-cover  may  be  found  by  this 

Nmnber  of  bolts  =  _^I^^^jJi'|i«/J5  P^^H^^^fi^^"".  .- 
area  of  one  bolt  x  working-stram  on  bolts. 

Example:  How  many  bolls  i\  inches  diameter  are  required  for  the  cover 
of  a  cylinder  of  56  inches  diameter,  the  initial  pressure  of  the  steam  being 
90  lbs.  per  square  inch,  the  working-strain  on  the  bolts  not  to  exceed 
2000  lbs.  per  square  inch  of  section  of  the  bolts  ? 

Then  56  X  56  inches  X  7854x90  lbs,  pressure  ^  g^. ,     ^^       ^  ^^^^ 
I'S  X  i'5  mch  X  7B54  X  zooo  lbs.  strain 
will  be  required  for  that  cylinder-cover. 

The  number  of  bohs  when  the  diameterand  pitch  are  given,  maybe  found 
by  the  following  Rule: — 

Number  of  bolts  -  diameter  of  pitch  circle  of  bolts  x  3-1416 
pitch  of  the  bolts 
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Example :  The  diameter  of  a  cylinder-cover  is  ^3  inches,  the  centres  of 
the  bolts  are  i\  inches  from  the  edge,  the  pitch  01  the  bolts  is  3^  inches. 
How  many  bolts  should  there  be  in  the  cover  ? 

Then  33  —  (ij  x  2)  =  30  inches,  diameter  of  pitch  circle  of  bolts. 
30  X  3'Mi6        3       ^j.  ij^j^g 

3*35  inch  pitch 

The  Most  Economical  Piston-Speed  is  attained  when  an  engine  is 
run  at  as  high  a  speed  as  its  design  and  condition  will  permit  with  freedom 
from  vibration  and  heated  bearings,  because  a  piston  with  a  given  pressure 
upon  it  will  exert  power  in  proportion  to  its  speed.  The  speed  of  a  piston 
in  feet  per  minute  is  found  by  multiplying  twice  the  length  of  stroke  in  feet 
by  the  number  of  revolutions  of  the  crank-shaft  per  minute.  Piston-speeds 
vary  considerably  in  practice,  they  range  from  300  to  1200  feet  per  minute. 

The  piston-speed  of  double  expansion  compound-engines  averages  420 
feet  per  minute,  triple  expansion  engines  of  moderate  speed  average  500  feet 
per  minute,  and  of  high-speed  from  750  feet  to  800  feet  per  minute,  and 
torpedo-boat  engines  average  from  icxx)  feet  to  1200  feet  per  minute.  The 
highest  piston-speed  is  obtainable  with  the  least  wear  and  tear  where  the 
rotational  force  is  most  uniform  ;  a  nearly  uniform  turning-effort  is  obtained 
by  dividing  the  application  of  the  power  between  three  cranks  placed  at 
equal  angles  of  1 20^  apart  on  the  same  shaft,  with  an  equal  initial  stress  on 
each  crank. 

Piston-Dieplacement  is  the  space  swept  through  by  the  piston  in  a 
single  stroke  of  an  engine.  It  may  be  found  by  muhiplying  the  area  of  the 
piston  by  the  length  of  stroke. 

Example :  Required  the  piston-displacement  of  an  engine  with  cylinder 
30  inches  diameter,  length  of  stroke  3  feet,  making  70  revolutions  per 
minute. 

Then  2*5  x  2*5  feet  diameter  x  7854  x  3  feet  =  14726  cubic  feet 
piston-displacement;  or,  2*5  x  2"5  feet  diameter  x  7854  x  3  feet  stroke  x 
2  X  70  =  206 1 '64  cubic  feet  piston-displacempnt  per  minute. 

The  Presenre  on  a  Piston  may  be  found  by  this  Rule : — 

Pressure  on  a  piston  in  lbs.  per  square  inch  = 

33CXX)  X  indicated  horse-power 

area  of  cylinder  x  speed  of  piston. 

Example  :  The  indicated  horse-power  of  an  engine  is  180,  the  diameter 
of  the  cylinder  is  17  inches,  the  length  of  stroke  is  2  feet,  and  the  number 
of  revolutions  per  minute  of  the  crank-shaft  is  80.  What  is  the  pressure  on 
the  piston  in  lbs.  per  square  inch  ? 

Then -^^      , , p.—-  =  8r8  lbs.  per  square  inch, 

17    X    17    X    7854    X    (2    X    2    X    80)  r  n 

pressure  on  the  piston. 

The  Diameter  of  a  Piston  may  be  found,  when  the  total  pressure  and 
the  effective  pressure  per  square  inch  is  known,  by  the  following  Rule : — 

Diameter  of  piston  in  inches  = 

total  pressure  in  lbs.  on  the  piston 


</ 


effective  pressure  in  lbs.  per  square  inch  x  7854 


LOCOMOTIVE-ENGINE  PISTON. 


Example:  The  effective  pressure  per  square  inch  on  the  surface  of  a 
piston  is  60  lbs.,  the  total  pressure  is  7  tons.  What  is  the  diameter  of  the 
piston  ? 

-p.  '/7  tons  total  pressure  x  2240  lbs. 

'"*="  V6oll~ '~~~ — '~~^ 


.  effective  pressure  > 
-The  simplest  form  0 


7854" 


:i8'248  inches  diameter. 


fitted  with  Ramsboitom'a 


f  piston  11 
spring-rings  or  packing- rings,  as  shown  in  Fig. 
318.  Three  separate  grooves  are  turned  in 
the  circumference  of  the  piston,  into  which 
elastic  rings  of  from  |  to  f  inch  square  steel 
or  gun-metal  are  fitted.  Each  packing-ring  is 
turned  to  a  diameter  a  little  larger  than  that 
of  the  cylinder,  a  short  piece  is  cut  out  and 
the  rings  are  sprung  over  the  piston  into  the 
grooves,  which  are  slightly  deeper  than  the 
rings.  The  rings  break  joint,  and  the  elas- 
ticity of  the  packing-rings  maintains  a  nearly 

uniform  outward  pressure  against  the  sides  of  the  cylinder  and  renders  the 
piston  steara-light. 

A  Piston  to  a  LooomotiTe-Eiigiit*  Cylinder. — The  pattern  used  on 
the  London,  Brighton  and  South  Coast  Railway  is  shown  in  Fig.  330. 
The  body  of  the  piston  is  made  of  gun-metal,  and  is  cone-shaped,  in 


Fig.  jiS.— Fslon  wLih  Rimsbotlon 


Figt  j»9»ii 


order  to  obtain  the  necessary  strength  with  a  light  section.  It  is  fitted  with 
two  cast-iron  packing-rings,  each  i  inch  wide,  placed  in  separate  grooves 
spaced  i  inch  apart.  The  piston  fits  on  a  steep  cone,  forged  on  the  end 
of  the  piston-rod,  shown  in  Fig,  329,  so  that  it  can  be  easily  removed  from 
the  rod  when  required. 

A  Piarton  fitted  with  one  broad  packing-ring  pressed  outwards  by  spiral 
springs  placed  in  holes  radiating  to  the  centre  of  the  piston  Is  shown  in 
Figs.  331  and  332.  The  packing-ring  shown  in  Fig.  332  is  sprung  over 
the  body  of  the  piston  into  its  place. 

A  Piston,  in  which  the  packing-rings  are  expanded  by  a  steel  coil,  is 
sliown  in  Fig.  333.    There  are  two  packing-rings  as  shown,  each  having  a 
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flange  ;  the  flanges  form  a  recess  in  which  the  coil  is  placed,  and  also  act 
as  abutments  for  the  coil-ends.    The  packing-rings  are  pressed  against  the 
flanges  of  the  piston,  and  also  against  the  sides  of  the  cylinder  by  the  elas- 
ticity of  the  spring-coil,  which  is  shown  in  Fig.  334. 
A  Piaton  provided  with  three  packing-rings,  two  narrow  outside  rings 


F«.  331. 


"^^A.-i^^^^fi^s"! 


L  dT  pisttm,  wil 
l-coil  (ftiDi. 


Fi('  334.— Pirtoo-iptiin. 


number  of  springs,  shown  in  Fig.  336,  are  placed  round  the  circumference 
of  the  piston,  wtuch  abut  on  (he  body  of  the  piston  and  press  against  the 


Fig.  336.— pLSEofHings  ind  qnufL 

inside  ring,  which  expands  and  presses  the  outside  rings  against  the  sides 
of  the  cylinder. 

A  Fivtoa  provided  with  adjustable  packing-rings  is  shown  in  Pigs.  337 
and  338.  It  is  titled  with  three  packing-rings,  two  outside  rings  which 
fit  the  cylinder  and  break-joint,  and  one  inside  ring,  which  receives  the 
pressure  of  a  number  of  springs  placed  round  the  piston ;  each  spring  has  a 
tbngue-piece  at  the  back,  which  fits  into  a  recess,  as  shown.  The  springs  are 
adjusted  or  set  out  to  eipand  the  packing-rings,  by  a  gua-metal  key  driven 


Fig.  338. 
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into  the  recess  behind  ihe  tongue-piece  of  each  spring,  which  provides  a 
solid  abutment  for  the  back  of  5ie  spring,  so  that  the  pressure  of  the  springs 
cannot    vary    when      the 

piston  isworking.     When  rig.3j7. 

thij  piston  is  used  for  a 
horizon tai-engine,  the  bot- 
tom spring  is  removed 
and  replaced  by  a  metal 
block,  which  carries  the 
weight  of  the  piston.  A 
juard-ring  is  fitted  be- 
tween the  heads  of  the 
bolts,  as  shown,  to  prevent 
their  working  loose;  the 
nuts  of  the  bolts  are  gun- 
metal,  let  into  the  casting. 

A  Flaton  in  which  the 
packing  -  rings  are  ex- 
panded by  a  spiral -spring, 
which  acts  against  two 
packing-rings.eachhaving 
a  flange,  the  spring  being 
placed  in  a  recess  formed 
by  the  flange  of  each 
packing-ring,  is  shown  in 
Fig.  339.  The  packing- 
rings  are  pressed  against 
the  sides  of  the  cylinder, 
and  also  against  each 
flange  of  the  piston,  by 
the  elasticity  ot  the  spring, 
which  is  clearly  shown  in 
Figs.  340  and  341.  The 
bolts  of  the  piston-cover 
arc  screwed  into  gun- 
metal  nuts  let  into  the 
casting,  and  a  guard-ring 
is  fitted  between  the  heads 
of  the  bolts  to  prevent 
their  working  loose. 

To  prevent  Steam  Mo&ping  past  tha  joint  of  Paoking-Hin^  a  plate 
is  inserted  as  shown  in  Fig.  34a,  the  joint  being  covered  by  another,  or  inside 
ring.  Another  way  of  preventing  the  escape  of  steam,  suitable  for  single 
rings,  is  shown  in  Fig.  343,  the  joint  being  covered  inside  the  ring  by  a 
plate  having  a  tongue-piece  which  fits  into  a  slot  in  the  piston-ring  as 
shown,  the  screw-holes  are  slotted  on  one  side  of  the  joint  to  allow  the  ring 
to  expand. 

Paoldng-Binya  for  Fictons  are  tamed  to  a  diameter  equal  to  ^  inch 
larger  than  the  cylinder  for  every  foot  in  diameter  of  the  cylinder,  this 
being  necessary  in  order  to  make  thetn  spring  out  and  fill  the  cylinder,  a 


Figi.  337  uid  33B.— Puton  with  idjiutmble  liogB. 
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piece  being  aflerwards  cut  out  of  the  ring  to  make  it  the  proper  size.  The 
ring  is  cut  tn  an  oblique  direction,  as  shown  in  P'ig.  142,  in  order  to  prevent 
the  ends,  or  joint,  scoring  the  cylinder.    The  length  of  piece  required  to 


1  y-'" 

"\ 

Fig-  3«. 

I^> 

?!£•■  339— J41-— Piti™  wilh  Bucklty'i  ipring. 
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be  cut  out  of  the  ring,  is  equal  to  the  difference  between  the  esteroal 
circumference  of  the  ring  and  the  circumference  of  the  cylinder. 

Example :  A  packing-ring  for  a  piston  is  6o|  inches  external  diameter 
before  being  cut,  the  diameter  of  the  cylinder  is  60  inches.    How  much 
should  be  cut  out  of  the  circumference  of  the  ring  to  make  it  exactly  fit  the 
cylinder  when  sprung  in  ? 
Then  (60-615  x  3' 14 '6)— (60x3- 14 16)  =  1-9635  inches. 
Or  60-625—60=  '625  X  3-1416  =  1-9635  inches. 
Tlie  Diunster  of  n  Fiaton-Bod  may  be  found   by  the  following 
formulae : — 
Let  D  =  the  diameter  of  cylinder  in  inches, 

p  _   f  the  initial  absolute  pressure  of  the  steam  in  lbs.  per  square 
~   I     inch,  or  the  pressure  shown  by  the  steam-gauge  plus  1 5  lbs. 
d  =  the  diameter  of  the  piston-rod  in  inches. 
i  =  the  diameter  of  the  screwed  end  of  the  piston-rod. 

To  find  Ike  diamtler  of  the  piston-rod,  d: — 


Double  piston-rods,  d—  «-  VP. 


STRAIN    ON   A   TISTON-ROD.  4OI 

To  find  the  diameter  of  the  screwed  end  of  the  piston-rody  s>^ 

Single  piston-rods,  J  =  «^  \/^ 

Double  piston-rods,  s  =  —  l/YT 

120 

Example :  Required  the  diameter  of  a  piston-rod  for  a  cylinder  60  inches 
diameter,  the  initial  pressure  of  steam  in  the  cylinders  being  65  lbs.  per 
square  inch.  If  the  piston  be  fitted  with  two  piston-rods,  what  diameter 
should  they  be  ? 

Then  65  lbs.  initial  pressure  +  15  lbs.  =  80  lbs.  absolute  pressure  of  the 
steam. 

And  60  inches  diameter  ^  y^^y^^  3-944  inches  diameter  of  single 


60  constant 
piston-rod. 

60  inches  diameter 


X  V80  lbs.  =  6*413  inches  diameter  of  the 


85 

screwed-end  of  single  piston-rod. 
If  the  piston  be  fitted  with  two  piston-rods,  the  diameter  will  be  :— 

^ X  V80  lbs.  =  6708  inches  diameter  of  each 

double  piston-rod. 
60  inches  diameter  ^  .yg^ib's.  =  ^.^^^  i„ches  diameter  of  the 

screwed  end  of  each  double  piston-rod. 

The  Taper  of  the  Cone  on  the  Piston-rod,  on  which  the  piston  is 
fitted,  should  not  be  less  than  i  inch  per  foot,  and  there  should  be  either 
a  shoulder  or  collar  on  the  rod  at  the  bottom  of  the  cone,  to  prevent  splitting 
of  the  piston,  and  ensure  its  easy  removal  when  required. 

To  Frorent  the  Vut  whioh  Mcnres  the  Piston  on  the  Piston- 
rod  working  loose,  it  may  be  fitted  in  an  octagonal  recess  in  the  piston, 
ejqual  in  depth  to  one-fourth  that  of  the  nut,  having  the  space  between  the 
sides  of  the  nut  and  of  the  recess  filled  up  with  white-metal. 

Tke  Strain  on  a  Piston-Bod  may  be  found  by  dividing  the  maximum 
strain  on  the  piston  per  square  inch  of  its  area,  by  the  sectional  area  of  the 
piston-rod,  in  inches. 

Example  i :  The  diameter  of  a  cylinder  is  33  inches.  The  diameter  of 
the  piston-rod  is  575  inches.  The  maximum  working-pressure  of  the  steam 
on  the  piston  is  90  lbs  per  square  inch.  Required  the  tensile  strain  per 
square  inch  on  the  piston-rod. 

Then  33  x  33  inches  x  7854  X  90  lbs.  =  76977  lbs.  the  strain  per  square 
inch  of  the  area  of  the  piston  ? 

^^  76977  lbs,  strain  on  the  piston  ^      g       ^^^^  i^^l^  ^^e 

575x575  mchesx  7854  ^     ^         ^      ^ 

strain  on  the  piston-rod. 

Example  2  :  The  diameter  of  a  piston-rod  at  the  smallest  part  is  -xV  of 

D  D 
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the  diameter  of  the  piston.  What  is  the  tensile  strain  per  square  inch  on 
the  piston-rod  when  the  pressure  on  the  piston  is  60  lbs.,  the  back-pressure 
is  3^  lbs.,  and  the  diameter  of  the  body  of  the  piston-rod  is  ^  the  diameter 
of  the  piston  ? 

Then,  if  the  diameter  of  the  piston  be  supposed  to  =  la  inches,  the 
least  diameter  of  the  pts ton-rod  will  =  i,  and  the  diameter  of  the  bodj'  of 
the  piston-rod  =  J  of  i3  inches  =  ij  inches. 

And  "'-■■5'X7854  x  (60-35  lbs.)  ^  g^.g    ^^^  ^^  mch,A<: 

I*  X7854  '        "^      ^ 

tensile  strain  on  the  piston-rod. 

lE«tellio-Pa«Uiig  for  Fiston-Bod  uid  othsr  Glmiid«. — The  glands 
of  triple-expansion  and  other  engines  nsing  steam  of  very  b' 


Fi^.  ^5  ubd  346.  — LacomQtivC'CO£ii» 


require  to  be  packed  with  metallic-packing,  as  ordinary  packing  rapidly 
becomes  charred  by  the  high  temperature  of  the  steam.  A  simple  and 
very  efficient  anangement  of  metal  lie -pa  eking  is  shown  in  Fig.  344.  It 
consists  of  a  number  of  V-shaped  rings  of  anti-friction  metal,  in  two  pieces, 
arranged  one  above  the  other  as  shown,  and  tightened  by  a  gland  fitted  to 
the  stuffing-box  with  studs  and  nuts  in  Uie  same  way  as  for  hemp  packing. 
The  following  is  a  good  mixture  of  anti-friction  meial  for  the  packing- 
rings. 

Tin 8i     parts. 

Lead 14       „ 

Copper 4       » 


STRENGTH  OF  COTTER  AND  PIN  OF  CROSSHEAD.  405 

A  piece  of  round  canvas-packing,  lubricated  with  a  mixture  of  plumbago 
and  tallow,  is  placed  above  the  metidljc-pacldng  at  the  top  of  the  stufBng- 
box,  in  order  to  prevent  the  escape  of  any  steam  which  might  leak  throu^ 
thejoints  of  the  metallic-rings,  and  also  to  give  elasticity  to  the  packing. 

T&«  CroMhoRd  of  n  fooomotive-EBLffuM  is  either  forged  on  the 
piston-rod,  as  shown  in  Figs.  345  and  346,  or  the  end  of  the  piston-rod  is 
tapered  into,  and  secured  to  the  boss  of  a  separate  crosshead  with  a  cotter, 
as  shewn  in  Fig.  347. 

The  boss  of  the  crosshead,  in  Fig.  347,  is  bored  conically  to  a  depth  of 


Fig,  }4;.— Ccosibeid  and  ilide-blocki  of  a  locamgilvc-engioe. 

5I  Inches,  to  fit  the  tapered  end  of  the  piston-rod,  the  large  end  of  the  hole 
IS  2^  inches  diameter,  and  the  taper  being  1  inch  in  11  inches,  the  diameter 
of  the  small  end,  or  bottom  of  the  tapered  hole,  is  J875 — ^  ^.^  ^  '  =  ziSi- 
or  say  j|  inches.  "  mches 

The  Strength  of  tlta  Cotter  of  tli«  Croisli«ad  tliowii  in  Fiff.  347, 
may  be  ascertained  as  follows.  The  cotter  is  made  of  steel,  |  inch  thick, 
and  2J  inches  wide  at  the  middle,  and  being  in  double-shear  it  has  a 
shearing  section  of  -625  inch  thick  x  2"zg  inches  widexz=2'8iig  square 
inches  for  resisting  a  maximum  working  pressure  of  steam  of,  say,  140  lbs. 
per  square  inch  on  the  piston.  If  the  diameter  of  the  piston  be  17  inches, 
the  area  will  be  17X  i7X'7S54=226-98  square  inches,  and  the  maximum 
strain  will  be  "698  square  i«gej_x  140  Ibs^  ^         gg  ^^^^  ' 

2240  lbs.  f       1 

inch,  equal  to  14' 186-;- 2 'Si 25  square  inches,  the  shearing  section  of  the 


Taking  the  ultimate  shearing  strength  of  the  steel  at  30  tons  per  square 
inch,  the  strength  of  the  cotter  will  be  =  30  -;-  5  =  0  times  as  great  as 
the  maximum  working  stress  upon  it.  The  piston-rod  is  2J  inches 
diameter,  made  of  steel,  and  it  has  to  resist  a  maximum  working  strain  of 

14' 1 86  tons  .  0    .  ■    L 

— ;; -^ — = = —  =3'i85  tons  per  square  men, 

2-875  X  2-875  X  7854  "^      ^ 

TIl*  StrMigtIi  of  the  CroMhand-Vin  may  be  ascertained  in  a  similar 
way  to  the  above.  The  crosshead-pin  shown  in  Fig.  347  is  z{  inches  diameter 
between  the  jaws  of  the  crosshead,  at  the  bearing  for  the  connecting-rod,  and 
the  length  of  the  bearing  is  2J  inches.  The  diametral  sectional-area  being 
2*75  inches  diameter  x  2875  inches  length  =  7857  square  inches  and 
the  pressure  on  the  crosshead-pin  is  14186  tons -f- 7857  square  inches 
=  r8o6  tons  per  square  inch  of  diametral  section  of  the  crosshead-pin 
bearing. 

A  OroHluftd  to*  «  KoriMKtal  Matitnurr-Engin*  is  shown  in  Fig. 

&  D  a 
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348,  the  pin  projects  on  each  side  of  the  crosshead  and  carries  the  slide- 
blocks,  which  work  between 
flat  slide-bars,  the  wear 
being  taken  up  by  ad- 
justing the  pillars  between 
the  ends  of  the  bars. 

A  Cn>Mh«ftd  for  a  sta- 
Nonary-engine  of  another 
design,  is  shown  in  Figs. 
34q-35i.  The  slide-bars 
are  concave,  the  sliding 
surfaces  of  the  slide-blocks 
being  convtx.  A  cotter 
is  fitted  lengthways  under 
the  shde -block,  as  shown, 
adjustable  by  nuts  to  take 
up  the  wear. 

A  CroMliwd  for  a  sta- 
tionaiy-engine   of    another 


design  is  shown   in  Figs.  352-354.    The  crosshead-pin  is  fixed  in   the 
forked-end  of  the  connecting-rod,  and  the  pin  works  in  bushes  in  the 
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crosshead,  which  are  adjustable  by  a  cotter,  the  sliding  surfaces  of  the  slide- 
blocks  are  convex,  and  ihey  work  between 
concave  slide-bars,  each  slide-block  being  ad- 
justable by  a  cotter  fitted  crossways  as  shown. 

A  Crossbead  for  a  Xarins-Engm*, 
forgedsolidon  theendof  the  piaton-rod, is  shown 
in  Fig.  355,  The  crossheacf-pin  is  fixed  in  the 
forked-end  of  the  connecting-rod,  and  works 
in  bushes  in  the  crosshead,  which  are  secured 
by  a  cap  and  bolts,  as  shown. 

The  diameter  of  the  crosshead-pin  may  be 
=  diameter  of  pisCon-Tod  x  ri8  to  rij.  and 
its  length  may  be  =  diameter  of  piston-rod  x 

I'5  to  >*75-  Fig.  35,.-C™»h«idof  .mariiw- 

The  diameter  of  each  bolt  for  the  cap  may  mgine. 

=  diameter  of  piston-rod  x  '55  to  -6.     Thus 

for  a  piston-rod  7  inches  diameter,  the  diameter  of  each  bolt  for  the  cap 
would  be  =  7X'57  =  4  inches:  the  ratio  of  the  area  of  the  cap-boUs  to  the 
area  of  the  piston-rod  would  be  =  (7  x  7  inches)  -f-  (4  x  4  x  z  bolts)  = 
1-531  and  the  ratio  of  ihe  area  of  the  piston-rod  lo  that  of  the  bolts  would 
be  (4  X  4  X  z  bolls)  -=-(7x7  inches)  =  -653. 

KaruM-Bncine  CnHMliMids  vary  considerably  in  design,  a  few  of  the 
most  generally  used  designs  are  given  in  Figs.  356-3^1,  in  which  different 

Fig.  is«.  Fig.  JJ7. 


methods  are  shown  of  attaching  the  shoe  to  the  crosshead.    The  area  of 

the  shoe  is  frequently  made  =  one-tenth  that  of  the  piston. 

Then  60  x  60  x  7854  =  283744  square  inches,  the  area  of  the  piston. 

2837-44  -i-  10  =  282744  square  inches,  the  area  of  the  shoe. 

282744  -r-  15  inches  =  18-85  incbes,  the  length  of  the  shoe. 
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TlM  MUMl  of  tb»  OxohIwmIs  of  high-speed  engines  should  have 
strips  of  anli-fricticn  metal  let  into 
their  sliding  surfaces.  A  good  anti- 
friction metal  for  this  purpose  is  com- 
posed of  tin  i6  parts;  copper  li  parts; 
antimony  2  parts. 

MiUrEngiiui  driving  spinning  ma- 
chineiy  require  to  run  with  the  utmost 
uniformity  of  velocity,  because  both  the 
quality  and  quantity  of  the  products  of 
a  factory  are  considerably  increased  by 
an  exact  and  unvarying  engine-speed, 
therefore  uniformity  of  tuming-effort 
is  the  first  consideration,  and  economy 
of  fuel  the  second.  The  variation  in 
the  speed  of  best  modem  mi  11 -engines 
does  not  exceed  from  one  quarter  to 
one  half  per  cent.,  and  the  consumption 
of  coal  averages  from  i|  to  2  lbs.  per 
indicated  horse-power  per  hour  of  actual 
work,  and  from  zj  lbs.  to  2j  lbs,  per 
indicated  horse-power  per  hour,  inclu- 
ding the  coal  used  in  getting  up  steam, 
in  keeping  it  up  during  meal-times,  and 

F«.  361.— Crosihead  of  a  marinetngiDe.       in  heating  the  mill  when  required. 
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The  types  of  steam-engines  used  for  driving  modem  factories  are. — The 
horizontal  or  vertical  simple  engine  of  high  speed,  using  steam  of  from 
60  to  80  lbs.  pressure  per  square  inch.  The  horizontal  or  vertical  com- 
pound condensing  engine,  with  a  high-pressure  cylinder  and  a  low-pressure 
cylinder  coupled  to  one  shaft  with  their  cranks  at  right  angles,  so  that  when 
one  crank  is  on  its  dead-centre,  the  other  crank  is  in  the  best  position  for 
rotating  the  shaft.  The  horizontal  or  vertical  single  compound  condensing 
tandem-engine,  that  is,  with  the  pistons  of  both  cylinders  attached  to  one 
piston-rod.  The  horizontal  or  vertical  double  compound  tandem-engine, 
that  is,  a  pair  of  single  compound  tandem-engines  coupled  to  one  shaft 
with  their  cranks  at  right  angles. 

A  Korisontal  Stationary  Von-Condensing  Simple  Steam-Engine 
is  shown  in  Fig.  362.    It  has  a  high-speed  governor,  an  equilibrium  throttle- 


1,1,   ,1,1,1,1,1, 
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Fig.  363. — Horizontal  stationary  non-condensing  engine. 

valve,  and  wide  bearings ;  the  frame  is  girder-shaped  of  a  depth  equal  to 
the  diameter  of  the  cylinder.  The  crank  is  cast  on  a  disc  having  a  counter- 
weight opposite  to  the  crank,  to  counter-balance  the  rotating  parts,  the 
^  weight  of  the  counter-weight  is  equal  to  the  sum  of  the  weights  of  the 
crank  and  pin,  and  the  weight  of  half  the  length  of  the  connecting-rod 
next  the  crank-pin.  The  momentum  of  the  piston  and  other  reciprocating 
parts  is  balanced  by  compression  of  steam  in  the  cylinder. 

An  engine  balanced  in  this  manner  may  be  run  at  a  high  speed  without 
vibration,  and  a  high  speed  is  conducive  to  uniformity  of  velocity,  as  the 
efficiency  of  a  fly-wheel  in  producing  regularity  of  motion  varies,  other 
things  being  equal,  as  the  square  of  its  angular  velocity.  An  engine  fitted 
with  a  slide-valve  and  controlled  by  a  throttle-valve,  works  with  con- 
siderable variation  in  speed,  and  is  not  so  suitable  for  driving  spinning. 
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machineiT  as  an  engine  fitted  with  Corliss  valve-gear,  in  which  the  steam 
is  controlled  automatically  by  a  high-speed  governor,  with  the  slightest 
possible  variation  in  speed. 

CorliM  Snginofi  are  largely  used  as  mill-engines.    The  cylinder  of  a 
horizontal  Corliss  engine  is  shown  in  Fig.  363.    It  is  a  built-up-cylinder  on 
a  simple  and  effective  plan,  with  separate  end-valve  chambers,  separate 
internal  cylinder-liner   and  jacket-casing.    The  Corliss-valves  are  shown 
in  position;  the  two  top  valves   are  the  steam    admission-valves;    the 
steam  ports  and  passages  are  made  very  short  and  direct,  to  avoid  undue 
clearance-spaces.    The  lower  valves  are  the  exhaust- valves,  and,  as  they  are 
placed  below  the  cylinder  they  drain  it  thoroughly,  which  is  an  advantage 
Df  considerable  importance.    This  method  of  building  a  cylinder  enables 
the  cylinder-liner  to  be  made  a  simple  casting  of  sound,  hard,  close  metal. 
The  steam  and  exhaust-valves  are  shown  separately  in  section,  with  their 
spindles.     The  piston,  piston-rod,  and  crosshead  are  shown  in  their  place. 
The  engine-frame  is  bolted  to  the  front  of  the  cylinder,  so  that  it  takes  the 
strain  direct  and  in  the  best  possible  manner.    The  valves  are  actuated  by 
a  central  disc  or  wrist-plate,  the  steam-valves  are  arranged  with  liberating 
gear  to  cut  off  the  steam  instantaneously,  the  point  of  cut-off  being  controlled 
by  the  main-governor.    The  engine  Is  also  fitted  with  one  of  Knowles'  supple- 
mentary governors,  by  which  an  almost  uniform  speed  can  be  maintained, 
even  with  considerable  variation  in  the  steam-pressure,  or  in  the  load,  an 
important  advantage  in  spinning  mills.     This  governor  has  a  friction-pulley, 
fitted  between  two  flanges  on  its  socket.    At  the  normal  speed  of  the 
engine  neither  of  the  flanges  touches  the  friction-pulley,  but  should  any 
increase  or  decrease  take  place,  one  or  other  of  the  flanges  presses  upon 
and  causes  the  friction-pulley  to  rotate  in  one  direction  or  the  other,  which 
operates  by  means  of  cord-pulleys,  one  of  which  is  fixed  on  a  nut  which 
moves  a  vertical  rod,  in  two  pieces,  one  piece  being  screwed  with  a  right- 
hand   and  the  other  with  a  left-handed  thread,  attached  to  the  forked- 
lever  of  the  main-governor.    The  clearance  between  the  flanges  and  the 
friction-pulley  is  so  small,  that  the  slightest  variation  in  speed  brings  the 
supplementary-governor  into  operation,  which  is  thus  continuously  resisting, 
automatically,  any  tendency  to  change  of  speed  in  the  engine.     The  con- 
sumption of  steam  in  Corliss-engines  is  usually  from   17  to  18  lbs.  per 
indicated  horse-power,  corresponding  to  about  2  lbs.  of  coal  per  indicated 
horse-power  per  hour.     In  a  test  of  one  of  these  engines,  having  a  single- 
cylinder  of  52  inches  diameter,  6  feet  stroke,  making  60  revolutions  per 
minute,  or  a  piston-speed  of  720  feet  per  minute,  with  a  vertical  air-pump 
36  inches  diameter,  and  30  inches   stroke  and  condenser :  it  drove  by 
belts  from  the  fly-wheel  about  1800  indicated  horse-power.     The  steam 
used  per  indicated  horse-power  was   17*45  lbs.,  and  the  consumption  of 
coal  was  2*14  lbs.  per  indicated  horse-power  per  hour. 

▲ntomatie  Barring-Engine. — Mill-engines  frequently  stop  in  such  a 
position  that  it  is  necessary  to  turn  them  partly  round  by  means  of  a  bar 
before  they  can  be  re-started,  and  it  is  sometimes  necessary  to  bar  them 
round  slowly  when  putting  on  belts  or  doing  repairs  in  the  factory.  It 
being  difficult  to  bar  large  engines  by  hand-power,  a  barring-engine,  shown 
in  Fig.  364,  is  used  for  this  purpose,  which  is  provided  with  a  simple 
arrangement  for  automatic  disengagement  when  the  engine  begins  to  run 
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Fig.  364. — Barring-engine,  by  Hick,  Hargreaves 
and  Co.,  Bolton. 


quicker  than  the  barring-engine.  The  pinion  which  acts  as  driver  to  the 
fly-wheel  is  shaj)ed  as  a  worm-wheel  on  one  side  oLthe  tooth  and  as  a  spur- 
wheel  on  the  other,  to  gear  with  an 
internal  toothed-wheel  on  the  fly- 
wheel, the  motionbeing  communicated 
to  it  by  a  worm  fixed  on  the  crank- 
shaft of  the  barring-engine.  The 
pinion  is  keyed  on  to  a  shaft  which 
works  in  a  slot,  thus  allowing  a 
certain  lateral  motion.  When  it  is 
desired  to  throw  the  pinion  into  gear 
a  brake  is  held  against  the  bottom 
edge  by  a  lever,  and  the  result  is  that 
the  pinion  is  thrown  into  gear  by  the 
action  of  the  worm,  the  point  where 
the  brake  is  applied  becoming  the 
fulcrum.  As  soon,  however,  as  the  fly-wheel  becomes  the  driver  the  action 
is  reversed,  the  worm  becomes  the  fulcrum  and  the  pinion  falls  back  automa- 
tically, its  axis  moving  along  the  slot  referred  to,  and  the  wheel  is  retained 
in  its  out-of-gear  position  by  a  spring.  This  is  a  perfectly  safe  and  auto- 
matic arrangement,  and  is  a  compact  and  well-contrived  device  with  a  small 
amount  of  mechanism. 

▲  Vertical  Tandem  Compound  Kill-Engine  is  shown  in  Fig.  365. 
The  high-pressure  cylinder  is  14  inches  diameter,  the  low-pressure  cylinder 
is  24  inches  diameter,  and  the  length  of  stroke  is  2  feet,  when  running  at 
80  revolutions  per  minute  it  develops  1 20  indicated  horse-power  with  steam 
of  100  lbs.  per  square  inch  working-pressure.  The  high-pressure  cylinder 
is  rigidly  supported  by  two  wrought-iron  pillars  and  the  rectangular  pipe 
connected  to  the  low-pressure  cylinder.  The  high-pressure  cylinder  is 
fitted  with  Corliss-valves  and  the  low-pressure  cylinder  with  a  slide-valve,  the 
spindle  of  which  is  carried  through  the  upper  end  of  the  casing  to  work 
the  Corliss  exhaust-valves.  The  air-pump  and  feed-pump  are  worked  by  a 
lever  coupled  to  the  crosshead.  One  of  the  frames  acts  as  a  condenser :  an 
air  space  is  left  between  the  frame  and  the  slide-plate  to  prevent  the  slide- 
block  heating. 

Von-Condenaing  Simple  Enginea  frequently  discharge  the  exhaust- 
steam  into  the  atmosphere  before  it  has  been  thoroughly  deprived  of  all  its 
available  heat  and  power.  In  order  to  expand  the  steam  in  the  most 
economical  manner  and  leave  it  no  capacity  for  developing  further  power, 
and  also  to  equalise  the  strains  and  secure  greater  uniformity  of  turning- 
effort,  non-condensing  engines  are  sometimes  compounded,  and  have  their 
cranks  placed  at  right  angles. 

▲  Von-Condenaing  Compound  Engine,  compact  in  design,  accessible 
to  inspection,  occupying  small  space,  and  requiring  only  a  slight  foundation, 
is  shown  in  Fig.  366.  The  frame  or  bed  of  the  engine  is  formed  of  two 
strong  wrought-iron  girders,  firmly  braced  together  by  cross-stays.  The 
cylinders  are  bolted,  at  the  bottom  to  the  frame,  and  at  the  top  to  the 
smoke-box  of  the  boiler.  The  crank-shaft  is  of  steel,  bent  from  a 
single  bar ;  it  is  balanced,  and  carries  a  heavy  fly-wheel.  The  cylinders  are 
each  formed  by  a  separate  barrel  of  hard  metal  forced  into  the  main  casing, 
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a  space  between  the  barrels  forms  jackets  which  surround  the  cylinders. 
The  steam  is  admitted  to  the  high-pressure  cylinder  by  a  double-ported 
expansion-valve  working  on  the  back  of  the  main  slide-valve,  and  automati- 
cally controlled  by  the  governor,  so  as  to  vary  the  admission  from  any  point 
up  to  one  half  the  stroke,  according  to  the  power  required.  The  expan- 
sion-valve is  very  prompt  in  action,  and  is  actuated  in  a  simple  manner 
by  a  radius-rod  working  in  a  rocking  slot-link  driven  by  a  separate  eccen- 
tric, the  raising  or  lowering  of  the  governor-balls,  by  changing  the  posi- 
tion of  the  radius-rod  in  the  slot-link,  shortens  or  lengthens  the  travel  of 
the  expansion-valve,  causing  it  to  cut-off  steam  earlier  or  later  as  required. 
The  governor  shown  in  Fig.  367  is  of  the  crossed-arm  type  with  heavy  balls 
and  is  very  sensitive.  An  oil-cylinder  is  provided  to  prevent  any  tendency 
to  "  dance,"  the  piston  of  which  has  a  simple  arrangement  for  regulating 
the  flow  of  oil,  and  consequent  promptness  of  movement. 

The  steam  is  usually  cut-off  in  the  high-pressure  cylinder  when  the  piston 
has  travelled  nearly  one  half  its  stroke,  and  is  expanded  a  little  more  than 
twice,  it  then  passes  into  the  low-pressure  cylinder,  which  has  two  and  one- 
half  times  the  capacity  of  the  high-pressure  cylinder,  where  it  is  expanded 

Table  95. — Results  of  Trials  of  a  12  Nominal  Horse-Power  Non- 
Condensing  Compound  Engine. 


1st  Trial. 

»nd  Trial.        3rd  Trial. 

Working  boiler-pressure^  maintained 

120  lbs. 

120  lbs.    120  lbs. 

Average  revolutions  per  minute   of  the 

1 

engine 

129 

130-8 

129-7 

Average  piston  speed  per  minute     . 

301  ft. 

305-2  ft. 

302*6  ft. 

Effective  horse-power  on  brake   .         .     . 

29*64 

3026 

29*92 

Kind  of  coal  used 

Welsh. 

Welsh. 

Welsh. 

Amount  consumed  during  the  trial      .     . 

168  lbs. 

300  lbs. 

300  lbs. 

Amount    consumed    per    brake    horse- 

power per  hour    ..... 

2-54  lbs. 

2*63  lbs. 

2*7  lbs. 

Amount  of  feedwater  supplied    .         .     . 

1330  lbs. 

2328  lbs. 

2408  lbs. 

Amount  of  feedwater  per  brake  horse- 

power per  hour 

20*09  lbs. 

20-46  lbs. 

21*63  lbs, 

Temperature  of  water  as  supplied       .     . 

56^  F. 

57°  F. 

55-4°  F. 

Temperature   of   water  forced   into    the 

boiler          ...... 

155^  F. 

151°  F. 

152*8°  F 

Increase    of    temperature    from    water- 

heater    

99^  F. 

94°  F. 

97-4°  F. 

Amount  of  exhaust-steam  condensed  per 

.^  •      • 

hour  per  horse-power  .... 

i'97  lbs. 

I '03  lbs. 

212  lbs. 

Steam  (exclusive  of  that  condensed  in  the 

jackets)  used  per  hour  per  brake  horse- 

power      

22*06  lbs. 

22*49  lbs. 

23*75  lbs. 

Water  evaporated  per  hour  per  pound  of 

coal  from  feed  temperature  . 

8-68  lbs. 

3*49  lbs. 

8-69  lbs. 
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nearly  four  times,  and  finally  escapes  to  the  chimney,  reduced  by  a  six-fold 
expansion  to  a  pressure  of  8  lbs.  per  square  inch  above  the  atmosphere,  or 
at  a  final  absolute  pressure  of  33  lbs.  per  square  inch. 
Several  trials  were  made  of  one  of  these  engines,  c^  12  nominal  horse-power, 


with  a  high-pressure  cylinder  7  inches  diameter,  and  a  low-pressure  cylinder 
II  inches  diameter,  length  of  stroke  of  both  cylinders  14  inches.  The 
results  of  the  trials  are  given  in  Table  95. 
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The  consumption  of  2  63  lbs.  of  coal  per  effective  horse-power  per  hour 
on  the  second  trial  was  equal  to  about  2*4  lbs.  per  indicated  horse-power 
per  hour,  an  extremely  low  consumption  for  a  small  non-condensing  steam- 
engine  ;  the  saving  effected  being  about  40  per  cent,  over  a  non^ondensing 
simple  engine. 


Otm^HEEE 


Fig.  367.— Automatic  expansion-gear  of  the  engine  shown  in  Fig.  366. 


are  of  two  classes,  engines  driving  screw-propellers 
called  screw-engines,  and  engines  driving  paddle-wheels,  called  paddle- 
engines.  The  chief  consideration  in  a  marine-engine  is,  the  greatest  power 
on  the  least  weight,  in  the  smallest  space,  from  the  smallest  consumption 
of  fuel.  The  weight  of  steam-engines  in  comparison  with  the  power 
developed  varies  considerably  in  different  classes  of  engines. 

The  weight  of  steam-engines  per  indicated   horse-power  averages  as 
follows : — 


Small  vertical-engines  attached  to  vertical  boilers 
Stationary-engines,  condensing 
Stationary-engines,  non-condensing,  strong 
Portable-engines   •••»». 


Weight  per  indicated 
horse-power  in  lbs. 

.       800 

.       700 
.       .      620 
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Weight  per  indicated 
horse-powei  in  lbs. 

Stationary-engines,  non-condensing,  light  .  .  .  .560 
Compound-engines  of  merchant-steamers  .  .  .  .  480 
Triple-expansion-engines  of  merchant-steamers  .  .  -450 
Royal  navy  engines,  with  natural  draught  .  .  .  .  360 
Special  engines  for  light-draught  vessels  ....  280 
Royal  navy  despatch  vessels,  Surprise  and  Alacrity  class  ,  240 
Royal  navy  engines,  with  forced  draught        .        .        .     .     200 

Locomotive-engines,  heavy  class 200 

Locomotive-engines,  light  class 150 

Torpedo-boat  engines 60 

These  weights  include  that  of  pipes,  fittings,  and  water  in  the  boiler,  that 
is,  all  in  working  condition. 
▲  Pair  of  Compound  SurfiuM-CondeiUiing  Serow-Engines  of  35 

nominal  horse-power,  of  a  tjrpe  much  used  for  yachts,  cargo-vessels,  and 
tugs,  is  shown  in  Fig.  368.  The  high-pressure  cylinder  is  14I  inches 
diameter,  the  low-pressure  cylinder  is  28  inches  diameter,  and  the  length  of 
stroke  of  both  pistons  is  22  inches.  The  surface-condenser  forms  the  base 
of  the  back-columns,  being  cast  in  one  piece  with  them.  The  air-pump, 
circulating-pump  and  bilge-pumps  are  worked  by  rocking-levers  from  the 
cross-head  of  the  low-pressure  cylinder.  The  reversing-gear  is  link-motion, 
and  being  of  a  size  easily  handled,  the  position  of  the  link  is  controlled  by 
a  hand-lever.  The  design  of  the  engine  is  compact  and  substantial,  and  it 
admits  of  easy  access  ta  all  the  working  parts.  The  vessel  for  which  the 
engines  were  made  is  95  feet  long,  18  feet  beam,  and  9  feet  moulded 
depth. 

A  Set  of  Triple-Expansion  Snrfiftce-Condeneing  Screw-Engines 
of  1 200  indicated  horse-power  is  shown  in  the  frontispiece.  The  cylinders  are 
three  in  number,  of  hard  close-grained  cast-iron.  The  first,  or  high-pressure 
cylinder,  is  22  inches  diameter,  the  second,  or  intermediate  cylinder,  35 
inches  diameter,  and  the  third,  or  low-pressure  cylinder,  is  58  inches  in 
diameter,  all  with  42  inches  stroke,  and  fitted  with  escape-valves,  indicator- 
cocks,  and  drain-cocks,  with  handles  to  starting-platform.  The  high-pres- 
sure cylinder  is  steam-jacketed  by  means  of  a  liner,  and  all  cylinders  are 
neatly  covered  with  felt  and  teak  secured  by  brass  screws.  The  first  and 
second  cylinder  valve-chests  are  in  line  with  the  cylinders.  The  low-pressure 
cylinder  valve-chest  is  in  front  of  the  engines.  The  first,  or  high-pressure 
cylinder,  has  piston-valves  fitted  with  loose  liners,  the  second  and  third 
cylinders  have  ordinary  D  valves.  A  valve  is  fitted  so  as  to  admit  steam  to 
the  steam-chest  of  the  second  and  third  cylinders,  its  handle  being  reached 
from  the  starting-platform.  A  relief-valve  is  fitted  to  the  steam-chests  of 
the  second  and  third  cylinders  to  prevent  the  possibility  of  high-pressure 
steam  being  let  into  these  cylinders. 

The  valves  are  of  hard  cast-iron.  A  piston-valve  is  fitted  to  the  first 
cylinder,  a  single  ported-slide-valve  to  the  second  cylinder,  and  a  double 
ported-slide-valve  to  the  third  cylinder. 

The  pistons  are  of  cast-iron.  The  piston  of  the  first  cylinder  is  fitted 
with  three  cast-iron  Ramsbottom-rings.  The  pistons  of  the  second  and 
third  cylinders  have  ordinary  cast-iron  packing-rings,  with  junk-rings  of 
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cast-iron,  held  down  by  wrought-iron  T-headed  bolts  and  brass  nuts,  so 
arranged  that  the  bolts  and  nuts  can  be  easily  taken  out  without  drawing 
the  piston  ;  the  junk-ring  bolts  have  patent  guards. 

The  piston-rods  are  of  hammered-iron  secured  to  the  pistons  by  nuts,  with 
solid  forged-heads  fitted  with  adjustable  cast-iron  shoes  for  working  on  the 
guides.  The  recesses  in  the  piston-rod-heads  for  the  gudgeon-brasses  are 
flat-bottomed  for  convenience  in  lining-up ;  the  piston-rods  are  duplicates 
of  each  other. 

The  guides  are  bolted  to  columns  on  the  condenser,  and  are  provided 
with  oil-boxes  and  lubricators. 

The  connecting-rods  are  forced  of  best  scrap-iron  with  solid  double-eye 
and  gudgeon  of  large  size  at  the  top  end,  and  are  fitted  with  fiat  brasses  at 
the  bottom  end.  The  brasses  are  lined  with  white-brass.  The  length  of 
the  connecting-rod  is  equal  to  2J  times  the  length  of  the  stroke. 

llie  crank-shaft  makes  70  revolutions  per  minute.     It  is  11 J  inches- 
diameter,  built  with  three  double-cranks  of  iron,  with  forged-steel  pins  set 
at  angles  of  120^  constructed  in  two  pieces  coupled  in  the  centre-crank, 
and  fitted  with  the  pin  bolted  to  each  part.    The  shaft  is  interchangeable. 

The  shafting  is  of  the  best  hammered-iron,  having  solid  couplings  forged 
upon  each  piece,  and  properly  jointed  with  turned  bolts.  The  intermediate 
lengths  are  loj  inches  diameter  in  the  body,  and  11  inches  diameter  in 
the  bearings.  The  propeller-shaft  is  iij  inches  diameter,  lined-up  with 
brass  in  way  of  lignum-vitae  bush  and  stuf&ng-box. 

The  valves  are  worked  by  link-motion,  of  which  all  the  principal  bearings 
I  are  made  adjustable  for  wear. 

The  eccentric-sheaves  are  of  cast-iron,  and  the  eccentric-straps  are  of 
solid  gun-metal.  The  studs  for  securing  the  eccentric-rods  to  the  eccentric- 
straps  are  left  f  inch  above  the  top  nut  to  allow  for  adjustment  of  the 
valves. 

The  starting  and  reversing-gear  is  very  powerful,  and  is  conveniently 
arranged  with  regard  to  the  working-platform,  which  is  on  a  level  with  the 
engine  bedplate. 

The  air-pump  is  single  acting,  18  inches  diameter  and  18  inches  length 
of  stroke,  of  solid  brass  fixed  in  a  cast-iron  casing.  The  bucket,  foot  and 
delivery  valve-seats  are  of  brass,  fitted  with  metallic-valves.  The  pump-rod 
is  of  iron  cased  with  brass. 

The  circulating-pump  is  double-acting,  12  inches  diameter,  18  inches 
length  of  stroke,  of  solid  brass  fixed  in  a  cast-iron  casing,  and  arranged 
to  force  the  water  through  the  condenser.  The  bucket,  foot-valve  and 
delivery-valve  seats  are  of  brass  with  india-rubber  valves.  The  pump-rod 
is  of  iron  cased  with  brass.  The  pump  is  arranged  to  draw  from  the  sea 
or  bilge. 

The  air-pump  and  circulating-pump-levers  are  of  forged-iron  fitted  to  a 
weigh-shaft  working  in  pillar-blocks  having  adjustable  brasses.  The  levers 
are  worked  off  the  after-engine,  and  are  fitted  to  the  connecting-rod-gudgeon 
and  pump-crosshead  by  links  having  adjustable  brasses. 

The  feed-pumps  are  two  in  number,  each  3I  inches  diameter  and  18  inches 
length  of  stroke,  of  cast-iron  with  brass  rams,  worked  from  the  air  and 
circulating-pump  crosshead,  each  pump  is  capable  of  supplying  the  boiler 
with  water  when  the  engines  are  working  at  full  speed.    They  are  fitted  with 
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brass  suction  and  detiveiy-valves,  and  escape-valves  of  brass  with  steel 
spiral  springs;  each  pump  is  capable  of  being  worked  independently  of  the 
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Pig.  36s.— O'lnpaund  nutiice^snilcnsiDg  rauine^ngiiui,  by  Ron  ud  Dunan,  Cb^aw. 

The  bilge-pumps  are  worked  from  the  air-pump  and  circulating-pump 
crosshead,  and  are  similar  in  construction  to  the  feed-pumps,  but  larger  in 
size,  being  4}  inches  diameter  and  18  inches  length  of  stroke,  and  are  fitted 
with  cast-iron  rams  and  brass  suction  and  deliveiy- valves  and  seats. 

All  the  Bteam-pipee,  and  pipes  ooder  piessue,  are  made  of  copper,  of 
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thickness  varying  from  3  to  14  wire-gauge.     The  bilge-pipes  are  of  lead. 

The  bed-plate  is  of  ample  strength,  and  is  provided  with  recesses  having 
square  bottoms  to  receive  the  crank-shaft  brasses ;  the  brasses  are  held  down 
by  wrought-iron  keeps  and  bolts,  and  are  fitted  with  syphon-lubricators. 

The  columns  are  made  of  cast-iron,  of  ample  strength  to  support  the 
cylinders  on  the  starboard  side ;  there  are  also  hollow  cast-iron  standards 
cast  on  the  conden^ier  to  support  the  cylinders  on  the  port  side. 

The  surface-condenser  is  placed  on  the  port  side ;  it  has  a  cooling-surface 
of  1500  square  feet  in  58s  brass-tubes  of  f  inch  external  diameter ;  all  the 
joints  between  the  cylinders,  framing,  condenser,  air-pumps  and  bed-plate 
are  carefully  faced  and  firmly  secured.  The  tubes  are  placed  horizontally; 
they  are  packed  with  wood  ferrules  in  brass  tube-plates.  A  soda-cock  is 
fitted,    llie  engines  are  provided  with  a  governor. 

The  steam  drives  the  pistons  of  the  first  and  second  cylinders  during 
60  per  cent  of  the  stroke,  and  the  piston  of  the  diird  cylinder  during 
55  per  cent  of  the  stroke. 

The  engines  are  supplied  with  steam  of  150  lbs.  pressure  per  square 
inch  by  two  single-ended  boilers,  13  feet  diameter  and  10  feet  6  inches 
long,  with  six  furnaces  3  feet  2  inches  diameter.  Smoke-tubes  3}  inches 
diameter  outside  and  7  feet  long  and  No.  8  W.  G.  thick.  The  boilers  are 
made  entirely  of  Siemens-Martin  steel  except  the  stays  and  tubes,  which 
are  of  wrought-iron.  The  total  heating-surface  is  3310  square  feet,  and  the 
total  fire-grate  surface  97*5  square  feet.  Diameter  of  funnel  6  feet  The 
consumption  of  coal  is  i}  lbs.  per  indicated  horse-power  per  hour. 

The  vessel  in  which  these  engines  are  fitted  is  265  feet  in  length,  39  feet 
6  inches  in  breadth,  and  24  feet  7  inches  in  moulded  depth :  gross  tonnage 
1936,  net  register  tonnage  1261. 

Conyersion  of  Componnd  Engines  to  Tripla-Sxpaiudon  XSaginas. 
— ^The  economy  derived  from  triple-expansion  warrants  the  conversion  of 
existing  compound  or  double-expansion  engines  to  triple-expansion  engines. 
This  may  be  effected,  in  inverted-cylinder  engines,  in  three  different  ways : — 

(i.)  By  adding  another  cylinder,  tandem-fashion,  to  the  top  of  either  the 
present  existing  high-pressure  cylinder,  or  low-pressure  cylinder.  This  is 
the  simplest  way,  but  it  has  the  objection  of  causing  an  unequal  initial  stress 
on  each  crank,  and  want  of  uniformity  of  turning-efFort  on  the  crank-shaft. 

(2.)  By  placing  another  cylinder  on  the  top  of  both  the  high-pressure 
cylinder  and  the  low-pressure  cylinder,  and  carrying  out  one  of  the  three 
stages  of  expansion  in  two  cylinders  instead  of  in  one  cylinder.  This 
tandem-arrangement  permits  the  attainment  of  a  nearly  equal  stress  on 
each  crank,  and  approximate  uniformity  of  turning-effort. 

(3.)  By  lengthening  the  bed-plate  of  the  engine,  and  adding  another 
crank  and  cylinder.  This  arrangement  of  cylinders  on  three  cranks  in- 
creases the  length  of  the  engine-room,  but  it  ensures  equality  of  initial 
stress  on  each  crank,  and  greater  uniformity  of  turning-effort  and  steadi- 
ness than  either  of  the  previous  methods  of  conversion,  besides  minimising 
wear  and  tear.  Space  may  be  economised  by  placing  the  steam-chests  at 
the  side,  which  enables  the  cylinders  to  be  placed  close  together,  and  the  total 
length  of  the  engine  becomes  no  greater  than  that  of  a  compound-engine. 

Triple-EzpaiLiion  Engines,  with  Cylindam  arranged  on  Two 
Cranks,  do  not  lun  so  sweetly  as  those  arranged  on  three  cranks,  and  are 
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inferior  to  them  in  unifonnity  of  motion^  freedom  from  vibration,  and 
economy  in  wear  and  tear. 

The  ConT«rsioii  of  ft  Coupoimd-Siigiiia  to  ft  Two-Craak  Qnftdf 
mpla-Sxpaaision  Tftadom-Sngiivo  may  be  efFected  by  adding  another 
cylinder  to  each  of  the  present  existing  cylinders. 

A  Set  of  Qnftdmple-Ezpftnsion  **  IMsoonnectiTe ''  Screw-Engines 
of  528  indicated  horse-power  is  shown  in  Fig.  369.  There  are  three  high- 
pressure  cylinders,  placed  tandem-fashion  over  the  first  and  second  inter- 
mediate and  low-pressure  cylinders;  the  respective  diameters  being  7  inches, 
7  inches,  7  inches,  16  inches,  22  inches,  and  34  inches :  and  the  length  of 
stroke  of  pistons  is  24  inches.  The  reason  why  six  cylinders  were  adopted 
in  this  case  instead  of  the  four-cylinder  arrangement  was,  that  the  engines 
were  required  to  run  sometimes  very  slowly,  or  not  exceeding  15  revolutions 
per  minute.  But  the  capacity  of  the  six  cylinders  was  made  the  same  as 
would  have  been  required  with  the  four-cylinder  arrangement.  Another 
motive  for  distributing  the  power  equally  over  three  cranks  was  to  make  the 
engines  work  as  sweetly  as  possible,  this  being  a  matter  of  the  first  import- 
ance in  a  yacht.  Again,  by  admitting  steam  to  the  three  high-pressure 
cylinders  simultaneously,  prompt  handling  is  insured  and  starting-valves  are 
dispensed  with,  as  the  three  cranks  are  set  at  angles  of  1 20°  apart. 

Further,  this  combination  of  cylinders  enables  the  so-called  "  disconnec- 
tive "  arrangement  to  be  applied  in  a  singularly  eflScient  way,  as  each  high- 
pressure  cylinder  forms  a  natural  starting-point  for  the  three  principal 
subdivisions  of  the  engine  when  working  single  tandem,  for  which  purpose 
auxiliary  exhaust-pipes  have  been  provided.    The  high-pressure  cylinders 
are  also  utilised  for  heating-up  the  lower  cylinders  in  a  very  simple  manner 
by  allowing  the  hot  water  and  steam  to  drain  into  them  instead  of  into  the 
bilges  as  usual.    The  chief  objection  to  this  type  of  engine  as  compared 
with  the  ordinary  triple-expansion  working  on  three  cranks  is  the  increased 
friction  of  the  additional  cylinders ;  but  there  is  not  so  much  in  this  as 
might  be  supposed  at  first,  as  owing  to  the  number  of  stages,  the  high- 
pressure  pistons  (which  with  their  rods  form  guides  for  the  larger  pistons  in 
a  heavy  sea-way),  and  indeed  the  others,  also,  can  be  made  so  easy  a  fit 
that  no  oil  need  be  us6d  unless  just  before  stopping  the  engines,  as  the 
steam  itself  will  do  all  the  necessary  lubrication,  and  any  portion  which 
may  escape  will  be  worked  up  in  the  next  stage.    The  "  disconnective  "- 
gear  affords  security  against  a  complete  breakdown,  or  in  the  event  of  any 
part  requiring  to  be  overhauled ;  say,  for  example,  if  the  white-metal  often 
employed  for  crank-pin  bushes  should  give  out,  it  would  only  be  the  work 
of  a  few  minutes  to  uncouple  the  connecting-rod  and  set  the  remaining  two- 
thirds,  or  one-third  if  need  be,  of  the  engine  to  work,  thus  allowing  ample 
time  for  refilling  the  bushes  at  leisure. 

The  high-pressure  cylinders  are  provided  with  liners  of  hard  cast-iron, 
and  their  pistons  are  fitted  with  Ramsbottom  packing-rings,  while  the  inter- 
mediate and  low-pressure  pistons  have  Buckley's  rings  and  springs.  The 
high-pressure  and  first  intermediate  piston-rods  and  valve-spindles  have 
their  stuffing-boxes  filled  with  metallic  packing,  ordinary  packing  being 
used  for  the  others.  The  valve-gear  is  of  the  ordinary  link-motion  type, 
with  all  the  working  parts  made  very  large  and  easily  adju5*able;  the  valves 
are  all  of  the  common  locomotive  description. 
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The  valves  of  the  high-pressure  cylinders  are  driven  by  their  spindles 
coupled  to  rocking-levers,  one  end  of  each  of  these  levers  working  on  a  fixed 
fulcrum,  while  the  other  is  coupled  to  a  prolongation  of  the  corresponding 
low-pressure  (or  intermediate  cylinder)  valve-spindle.  The  high-pressure 
valves  are  thus  given  a  travel  equal  to  half  that  of  the  valves  of  the  larger 
cylinders  below. 

The  air-pump,  circulating-pump,  feed-pump,  and  bilge-pumps  are  worked 
from  the  after  division  of  the  engine  by  levers. 

Steam  of  i8o  lbs.  pressure  is  supplied  to  the  engines  by  a  return-tube 
boiler  1 1  feet  6  inches  in  diameter  by  9  feet  10  inches  long,  having  two 
corrugated  furnaces  3  feet  5  inches  internal  diameter,  and  firebars  5  feet 
9  inches  long. 

A  large  stop-valve  is  fitted  to  the  forward  high-pressure  cylinder,  to  the 
bottom  branch  of  which  is  bolted  the  main  steam-pipe  connected  to  the 
boiler,  and  on  its  upper  branch  is  placed  a  small  stop-valve  for  the  admis- 
sion of  steam  to  the  forward  high-pressure  cylinder.  Similar  small  stop- 
valves  are  also  attached  to  the  other  two  high-pressure  cylinders,  so  that,  in 
the  event  of  the  vessel  running  short  of  coal,  one  or  two  of  the  high-pressure 
cylinders  could  have  the  steam  shut  off.  The  first  stage  of  the  expansion 
of  the  steam  is  carried  out  in  the  three  high-pressure  cylinders,  which  is 
virtually  one  cylinder  subdivided  into  three.  Steam  is  admitted  to  the 
high-pressure  cylinders  simultaneously,  through  a  pipe  with  branches  which 
connect  these  cylinders  together,  and  it  impels  their  pistons  during  thirteen* 
sixteenths  of  the  stroke,  when  the  engines  are  working  up  to  their  full  power 
of  528  indicated  horse-power.  Steam  is  exhausted  through  a  horizontal 
curved  pipe  placed  at  the  back  of  the  engines,  end  connected  to  each  high- 
pressure  cylinder  by  branches,  which  conducts  the  steam  to  the  first  inter- 
mediate cylinder  beneath,  in  which  the  second  stage  of  expansion  is  carried 
out,  from  which  it  is  exhausted  into  the  second  intermediate  cylinder  in 
which  the  third  stage  of  expansion  is  conducted,  and  whence  it  is  exhausted 
into  the  low-pressure  cylinder,  where  the  fourth  and  last  stage  of  expansion 
is  conducted,  and  it  is  finally  discharged  into  the  condenser.  The  steam 
drives  the  pistons  of  each  intermediate  cylinder,  and  of  the  low-pressure 
cylinder  during  three-fourths  of  the  stroke.  The  engines  when  tested 
developed  528  indicated  horse-power,  when  making  113  revolutions  per 
minute,  and  expanding  the  steam  twelve  times,  the  boiler-pressure  of  the 
steam  being  170  lbs.  per  square  inch.  When  the  engines  made  103  revolu- 
tions per  minute,  with  steam  cut  off  in  the  high-pressure  cylinders  at  three- 
fourths  of  the  stroke,  the  valves  of  the  first  and  second  intermediate,  and 
low-pressure  cylinder  cutting  off  the  steam  at  eleven-sixteenths  of  the  stroke, 
they  developed  412  indicated  horse-power,  and  the  consumption  of  hand- 
picked  Penrikyber  Welsh  coal  was  only  i|  lb.  per  indicated  horse-power. 

An  Oscillating  Componnd  Snxfilee-Condennng  Paddle-Engine  of 
2000  indicated  horse-power  is  shown  in  Fig.  370.  The  upper-end  of  each 
piston-rod  is  fitted  with  brasses,  which  work  on  the  crank-pin.  The 
cylinders  are  supported  by,  and  oscillate  on,  trunion-bearings,  which  enable 
the  piston-rods  to  accommodate  themselves  to  the  motion  of  the  crank. 
Steam  is  admitted  to,  and  exhausted  from  the  cylinders  through  the  hollow 
trunions.  The  high-pressure  cylinder  is  47  inches  diameter,  the  low- 
pressure  cylinder  is  85  inches  diameter,  and  the  length  of  stroke  is  6  feet 
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The  crank-shaft,  crank-pins,  and  piston^wis  are  forged  from  ingots  of 
Siemens-Martin  steel.  The  crank-shaft  bearings  are  16  inches  diameter, 
and  25  inches  long,  the  crank-pin  bearing  is  11  inches  diameter,  and  18 
inches  long,  and  the  brasses  are  lined  with  antifriction-metal.  The  paddle- 
shaft-bearing  is  16J  inches  diameter,  and  t  feet  9  inches  long,  the  paddle- 
wheels  are  of  ihe  feathering  type,  the  floats  are  made  of  iron,  and  are 
carved  on  the  face.  The  area  of  the  tube-surface  of  the  surface-condenser 
is  3980  square  feet.  The  sur-pump,  centrifugal  circulating-pump,  feed- 
pumps and  bilge-pumps  are  worked  by  a  pair  of  small  independent  com- 
pound engines.  This  arrangement  permits  the  main  engines  to  be  run  as 
slow  as  six  revolutions  per  minute  when  required,  and  makes  their  prompt 
handling  certain  under  any  conditions.  The  links  are  reversed  by  one  of 
Brown's  patent  engines,  and  the  motion  of  both  reversing  and  telegraph- 
bandies  coincides  in  direction  with  that  of  the  ship.  Steam  of  85  lbs.  per 
square  inch  working-pressure  is  supplied  to  the  engines  by  two  double- 
ended  steel  boilers  14  feet  3  inches  mean  diameter,  and  16  feet  i  inch  long, 
having  three  furnaces  at  each  end,  or  twelve  furnaces  in  all,  each  pair  of 
fore  and  aft  furnaces  opening  into  one  combustion-chamber ;  the  diameter 
of  each  furnace  is  3  feet  4  inches,  and  its  length  is  6  feet  6  inches.  The 
fire-grate  surface  is  200  square  feet,  the  healing- surface  of  the  tubes  is  5663 
square  feel,  and  the  heating  surface  of  the  fire-boxes  is  966  square  feet. 
The  total  heating-surface  being  6628  square  feet.  The  boilers  produce  an 
ample  supply  of  steam  with  easy  firing.  The  vessel  in  which  these  engines 
are  fitted  is  270  feet  long  over  all,  31  feet  3  inches  broad,  and  1 5  feet  6  inches 
deep  to  main  deck,  the  height  from  the  main-deck  to  the  promenade-deck 
being  7  feet  9  inches. 

Xarine-Eagius  Oorcmon  are  used  to  prevent  the  racing  of  the 
engines  when  the  sea  is  rougji ;  a  very  efficient 
and  sensitive  governor  of  this  description  is 
shown  in  Fig.  371.  The  performance  of  this 
governor  is  limited  to  working  the  slide-valve 
of  a  small  steam-cylinder,  the  piston-rod  of 
which  is  connected  to,  and  moves  the  throttle- 
valve  of  the  marine-engine,  from  which  the 
governor  is  driven  by  a  band,  so  that  both  work 
in  unison.  The  governor  consists  of  a  small 
fly-wheel,  with  two  weighted  arms,  hung  dia-  < 
metrically  opposite,  and  geared  to  a  bevel- 
pinion  cast  on  the  driving-pulley.  The  inertia 
of  the  fly-wheel  and  arms  allows  the  driving- 
pulley  to  overrun  them  on  any  increase  of 
speed,  and  the  centrifugal  force  of  the  weights 

keeps  the  position ;  the  motion  so  attained  is  ^*  "••~*'°|J^'|r.'°"''*^" 
conveyed  through  a  sleeve  and  levers  to  a  valve 

on  the  governor's  steam-cylinder  which  admits  and  exhausts  the  steam, 
the  piston  in  the  cylinder  moving  in  unison  with  the  movement  of  the 
valve.  This  is  accomplished  by  attaching  the  piston-rod  end  to  the  end  of 
the  valve-spindle  by  a  link,  so  that  the  motion  of  the  piston  moves  the  small 
valve  laterally  and  shuts  off  the  steam.  Thus  the  angular  motion  of  the 
valve,  derived  from  the  governor,  opens  the  steam  and  exhaust-ports,  and 
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the  lateral  motion  of  the  piston  closes  the  ports  again.  The  governor  is 
connected  to  the  main  engines  by  a  band,  it  runs  in  unison  with  them,  and 
should  any  increase  of  speed  take  place,  produced  by  the  sea  leaving 
the  propeller  of  the  ship,  it  causes  the  fly-wheel  to  be  overrun  by  the 
driving-pulley  of  the  governor,  and  the  weighted  arms  expand  and  move 
the  sleeve  along  the  spindle,  and  the  small  valve  is  turned  in  its  seat, 
thereby  opening  the  steam  and  exhaust  ports  in  the  governor's  steam- 
cylinder  and  causing  the  piston  to  move  inwards^  and  as  the  clutch  on  the 
end  of  the  piston-rod  is  connected  by  a  rod  to  the  steam  throttle-valve  of 
the  main  engines,  the  throttle-valve  is  thereby  closed.  The  opening  action 
is  the  reverse  of  that  of  closing,  that  is,  the  piston  moves  outwards. 

The  great  sensitiveness  of  this  governor  prevents  racing  by  closing  the 
throttle-valve  on  any  sudden  increase  of  speed,  and  prevents  the  sudden 
shocks  caused  by  the  immersion  of  the  propeller  after  it  has  been  out  or 
partly  out  of  the  water,  by  opening  the  valve  again  so  quickly  that  practi- 
cally a  uniform  speed  is  maintained  in  the  heaviest  seas. 

TIm  loM  of  efflciancy  of  the  Steam  Engine  is  due  principally  to 
the  small  range  of  temperature  through  which  it  works,  to  heat  lost  by 
radiation,  and  to  condensation  of  steam  during  its  admission  to  the  cylinder. 

Tlie  lose  from  initial  condensation  of  Steam  averages  from  15  to 
45  per  cent.,  being  proportional  to  the  area  of  metal  exposed  to  the  steam 
up  to  the  point  of  cut-off,  and  also  to  the  difference  of  temperature  of  the 
steam  at  the  point  of  cutoff,  and  that  of  the  exhaust-steam,  hence  the 
earlier  the  cut-off  the  greater  the  loss.  Therefore,  the  quantity  of  steam 
shown  by  an  indicator  diagram  is  generally  less  by  at  least  1 5  per  cent, 
than  that  actually  used,  and  the  steam  thus  lost  should  be  added  to  the 
weight  of  steam  deduced  from  a  diagram,  to  obtain  the  quantity  of  steam 
actually  used  by  the  engine.  This  may  be  illustrated  by  an  example  : — ^An 
engine  of  900  indicated  horse-power  with  a  high-pressure  cylinder  22  inches 
diameter,  length  of  stroke  42  inches,  cutting  off  steam  at  two-thirds  the 
length  of  stroke,  makes  63  revolutions  per  minute ;  temperature  of  feed- 
water  104^  Fahr.,  pressure  of  steam  shown  by  the  indicator  diagram  90  lbs. 
per  square  inch.  Required  the  consumption  of  steam  per  indicated  horse- 
power per  hour,  and  the  quantity  of  water  evaporated  from  and  at  2 12^  Fahr. 
per  lb.  of  fuel  ? 

Then  22 X  22x7854x42x2x63x60  minutes X  2      c  ac    ^    ^  u-     r  ^* 

'  ^^  ■- -. — -^—2 5 =46566-37    cubic  feet 

1728  X  3  denommator  of  cut-off  "^      *' 

of  steam  used  per  hour.    The  weight  of  one  cubic  foot  of  steam  of 

90-f  15=105  lbs.  per  square  inch  absolute  pressure  is,  from  Table  79, 

=•2434  lb.  and  (46566'37X  •2434)-f-90oI.H.P.  =  12-56  lbs.  of  steam  shown 

by  the  diagram  per  indicated  horse-power  per  hour.    The  total  heat  in  the 

steam  is,  from  Table  79=ii83'8  units,  and  (i  183-8 -f  32) — io\^^^,,r 

the  factor  of  evaporation,  x  12-56  lbs.=  14-444  lbs.,  the  equivalent  evapora- 
tion from  and  at  212°  Fahr.  Assuming  the  steam  lost  by  initial  conden- 
saUon  to  be  i6  per  cent,  then  14-444  x  loo^^y.^  ,^3^   ^^^  ^^^^^^  ^j 

84 

Steam  actually  used  by  this  engine  per  indicated  horse-power  per  hour. 
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A  Sotary  Engine  or  Steam-Tnrbine,  consisting  of  a  wheel  driven 
by  a  jet  of  steam,  is  a  very  old  invention,  but  it  was  not  originally 
skilfully  designed,  and  it  was  bf  no  practical  use.  To  the  Hon.  Charles 
A.  Parsons  belongs  the  honour  of  being  the  first  man  who  made  the 
steam-turbine  a  practical  success,  and  introduced  an  ideal  steam 
engine. 

Parsons'  Steam-Tnrlnno  Engine,  shown  in  section  in  Fig.  371A, 
consists  of  a  cylindrical  case  with  rings  of  inwardly  projecting  blades, 
within  which  revolves  a  concentric  shaft  with  rings  of  outwardly 
projecting  blades.  The  rings  of  blades  on  the  case  nearly  touch  the 
shaft,  and  the  rings  of  blades  on  the  shaft  lie  between  those  on  the  case 
and  nearlj^  touch  the  case.  The  first  few  rows  of  blades  are  of  copper, 
the  remamder  are  of  brass.  In  a  steam-turbine  of  2000  horse-power 
the  number  of  blades  may  be  from  20000  to  50000.  The  surface-speed 
of  the  several  barrels  of  the  turbine  is  from  150  to  300  feet  per  second. 

The  form  of  the  blades  is  shown  in  Fig.  37  ib.    Steam  entering  at  A 
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Fig.  371 B.— Two  rows  of  the  blading  of  a  Panoni'  steam  tL-rbine. 

in  Fig.  37 1 A  passes  first  through  a  ring  of  fixed  guide  blades,  and  is 
projected  in  a  rotational  direction  upon  the  succeeding  ring  of  moving 
blades,  imparting^  to  them  a  rotational  force :  it  is  then  thrown  back 
upon  the  succeeding  ring  of  guide  blades,  and  the  reaction  increases  the 
rotational  force.  The  same  process  takes  place  at  each  of  the  successive 
rings  of  guide  and  moving  blades.  The  energy  to  give  the  steam  its 
high  rotational  velocity  at  each  successive  ring  is  supplied  by  the  drop 
in  pressure,  and  the  steam  expands  gradually  in  small  increments.  In 
order  to  give  increased  passage  way  to  the  steam  as  it  expands,  the 
shaft  is  made  with  three  steps  of  different  diameter,  the  height  of  the 
blades  being  also  increased. 

The  steam,  in  addition  to  its  rotational  force,  exerts  a  pressure  end- 
ways along  the  shaft  on  the  surface  of  the  blades  and  the  shoulder 
of  the   shaft.      This   is   balanced    by  the   dummy  pistons,  C,    C, 
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C",  as  shown  in  the  section.  They  are  made  of  diameters  corre- 
sponding to  the  different  parts  of  the  turbine  they  balance,  and  are 
supplied  with  the  corresponding  steam-pressure  through  the  pipes 
P,  P'.  The  shaft  thus  runs  in  complete  balance  endways,  and 
can  be  moved  backwards  and  forwards  with  a  light  lever  when 
the  turbine  is  running  under  full  load.  In  order  to  prevent  steam- 
leakage,  grooves  are  turned  in  these  pistons,  into  which  project,  without, 
however,  touching  the  moving  parts,  suitably  shaped  strips  of  brass 
caulked  into  grooves  in  the  cylinder.  The  whole  form  a  labyrinthine 
passage  offering  great  resistance  to  the  escape  of  the  steam,  most  of 
which  is  carried  round  and  round  by  the  skin-friction  of  the  dummy 
pistons,  producing  a  most  effective  screen  against  leakage. 

The  two  glands,  D,  where  the  shaft  leaves  the  turbine  casing,  are 
constructed  m  precisely  the  same  manner.  The  steam  for  packing  them 
is  obtained  from  the  exhaust  of  the  steam  relay,  a  live  steam  connection 
being  fitted  for  use  before  starting  up.  An  ejector  is  also  fitted  to  draw 
the  excess  steam  away  from  the  glands.  The  thrust-block,  £,  at  the 
end  of  the  turbine-shait  merely  keeps  it  in  place  with  the  right  clear- 
ance between  the  fixed  and  moving  parts  of  the  glands  and  dummies, 
and  adjustment  is  made  in  a  few  mmutes  with  a  small  liner  beliind  the 
thrust-block. 

The  whole  of  the  lubrication  of  the  bearings,  thrust-block,  worm, 
and  governor-gear,  is  automatic,  the  oil  being  drawn  by  the  pump  F, 
from  the  tank  G.  This  pump  is  of  the  rotary  type,  consisting  of  two 
wheels  gearing  into  one  another.  It  is  placed  low  down,  so  that  it  is 
constantly  flooded,  and  as  it  has  no  valves,  and  is  driven  by  a  pro- 
longation of  the  governor-shaft,  its  failure  is  practically  impossible. 
For  flooding  the  bearings  before  starting  up,  an  additional  hand  pump 
is  fitted.  A  cooler  is  also  provided  to  reduce  the  temperature  of 
the  oil. 

The  governors  are  of  the  centrifugal  type,  with  the  springs  acting 
directly  between  the  balls,  and  are  both  mounted  on  the  spindle  H, 
driven  off  the  main  turbine-shaft  by  worm  and  worm-wheel. 

The  bearings,  LL,  in  the  large  sizes  are  lined  with  white-metaL  In 
the  small  sizes  where  the  number  of  revolutions  is  much  greater,  the 
tubular  tvpe  is  used,  consisting  of  a  central  bearing  bush,  prevented  from 
turning  by  a  lug  at  one  end.  On  this  bearing  are  slipped  three 
concentric  tubes  fitted  loosely  into  one  another,  between  which  the  oil 
circulates  and  acts  as  a  cushion,  effectually  damping  out  all  vibration 
which  may  arise  from  slight  want  of  balance  or  alignment. 

Superheated  steam  can  be  applied  to  the  turbine  with  great 
advantage.  A  superheat  of  100°  Fahr.  will  give  a  gain  in  economy 
of  from  8  to  12  per  cent.,  and  every  additional  10°  Fahr.  superheat 
will  increase  the  economy  about  i  per  cent.,  the  percentage  of  gain  in 
economy  is,  however,  much  less  at  the  higher  superheats. 

The  steam-turbine  engine  has  a  great  many  advantages  over 
reciprocating  steam-engines. 

The  weight  of  a  steam-turbine  is  small  compared  with  that  of  a 
reciprocating  steam-engine  of  equal  power.  There  are  no  reciprocating 
masses  in  a  steam-turbine  engine,  and  its  rotating  parts  are  Dalance£ 
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A  steam-turbine  engine  run^s  very  steadily,  and  there  is  no  vibration. 
In  the  small  sizes,  a  steam-turbine  engine  only  requires  about  one-half  the 
floor-space  taken  by  a  vertical  reciprocating  steam-engine  of  equal  power, 
and  about  one-third  that  of  a  horizontal  steam-engine  of  equal  power  ; 
and  in  the  large  sizes  the  saving  of  space  by  adopting  the  steam- 
turbine  engine  is  much  greater.  The  cubic  dimensions  of  the  founda- 
tion of  a  steam-turbine  engine  may  only  be  from  15  to  30  per  cent, 
of  that  of  a  reciprocating  steam-engine  of  equal  power ;  and  the 
foundation  may  be  lighter.  As  the  various  parts  are  comparatively 
light,  a  steam-turbine  engine  can  be  erected  and  set  to  work  in  a  very 
short  time. 

The  steam  consumption  of  a  steam-turbine  engine  is  very  low,  and 
it  does  not  increase  with  the  life  of  the  turbine.  At  average  loads  its 
steam  consumption  is  much  less  than  that  of  any  other  kind  of  engine. 
In  the  large  condensing  sizes,  it  has  a  lower  steam  consumption  than 
any  other  kind  of  engine  at  all  loads. 

The  results  of  tested  performances  of  some  of  Parsons'  steam-turbine 
engines  are  given  in  the  following  table. 

Table  95A. — Results  of  the  Tests  of  the  Steam  Consumption 

OF  Parsons'  Steam-Turbines. 


Stop  Valve 

Pressure  in 

Super 

VacQum 

Speed 
R.P.  M. 

Pounds  of 

Site  K.  W. 

Load. 

Pounds  per 

Heat. 

Inches. 

Steam  per 

Square 

•Fahr. 

High. 

K.  W.  Hour. 

Inch. 

cc 

200 

182 

106 

28-6 

3000 

20*6 

ALt 

300 

152 

0 

27*0 

3000 

2267 

C  C 

400 

H3 

ICO 

27*2 

3000 

18-97 

A  Lt 

5C0 

148 

0 

27-55 

2400 

19-86 

A  Lt 

750 

138 

0 

2775 

2400 

196 

ALt 

1000 

144 

IIO 

26*40 

1500 

1802 

A  Lt 

1500 

I/I 

129 

125 

27-4 

1500 

17-4 

CC 

2000 

I -079 

187 

129 

2833 

I180 

i6-3 

The  steam -consumption  per  indicated  horse-power  per  hour  may  be 
obtained  by  dividing  the  pounds  of  steam  per  K.W.  hour,  in  the  above 
table,  by  1*67  for  a  full  load,  or  i'82  for  a  half  load,  on  the  turbine. 

The  power  of  a  steam-turbine  engine  is  produced  by  the  momentum 
of  the  steam  passing  through  it.  In  the  best  large  steam-turbine 
engines,  about  70  per  cent,  of  the  energy  in  the  steam  is  converted 
into  brake-horse-power.  In  large  turbine  engines,  the  steam  is 
expanded  to  the  lowest  possible  useful  pressure,  so  that  its  full  expan- 
sive energy  is  utilised  in  doing  work.  Power  may  be  obtained  even 
from  absolute  pressures  of  steam  as  low  as  J  lb.  or  f  lb.  per  square 
inch. 

Much  steam  is  wasted  by  non-condensing  engines  which  might  be 
economically  used  in  an  exhaust  steam-turbine  engine,  when  water  is 


STEAM-TURBINE  ENGINES.  429 

available  for  condensing  purposes.  With  an  absolute  steam-pressure 
of  from  15  to  16  lbs,  per  square  inch,  and  a  vacuum  of  28  inches,  every 
1000  lbs.  of  steam  should  develop  from  26  to  28  K.W.  in  a  plant  of 
moderate  size. 

A  considerable  numher  of  exhaust-steam  turbines  of  the  Parsons' 
type  arc  working,  including  plants  of  750  K.W.'s  and  1000  K.  W.'s,  which 
have  shown  great  economy  ;  and  many  Parsons'  turbines  are  in  use  of 
the  mixed  pressure  type,  for  working  with  full  economy  with  either  high 
or  low  pressure  steam,  or  any  proportion  of  both. 

Tli«  de  Lftval  Staam-Torbine  Engin**  is  a  very  simple  form  of 
a  steam-driven  motor. 
It  is  an  impulse  turbine 
with  a  single  rotating 
wheel,  having  one  row 
of  buckets,  to  which 
steam  Is  delivered  in 
jetsatavery  high  velo- 
city. The  steam  jets 
come  from  stationary 
nozzles  arranged  round 
the  rotating  wheel  as 
shown  in  Fig.  371c, 

The  steam  nozzles 
are  so  tapered  as  to 
increase  their  cross- 
sectional  area  toward 
the  outlet  end  of  the 
nozzle,  and  so  calcu- 
lated that  the  steam, 
before  leaving  the 
nozzle,  has  fully  ex- 
panded down  to  the 
pressure  prevailing  in 
the  exhaust-chamber 
of  the  turbine,  and  has 
assumed  a  correspond- 
ingly high  velocity,  so  F[g.  j-ic— RotatinjwlieeloflhedeLiTjailrMd-laibiiiB, 

that   its  whole   avail- 
able   energy  has    been  transformed    into   kinetic   energy. 

The  opening  depends  largely  upon  the  nozzle- angles.  A  nozzle- 
angle  of  20  degrees  has  been  adopted  for  all  sizes  of  the  turbine.  The 
inlet  and  outlet  angles  of  the  buckets  are  alike,  and  are  32  degrees  for 
small  sizes,  and  36  degrees  for  large  sizes.  With  these  angles  fixed, 
and  taking  into  consideration  the  thickness  of  the  buckets,  it  will  be 
found  that  the  best  theoretical  peripheral  velocity  of  the  turbine-wheel 
is  about  950  feet  per  second  for  a  steam-jet  of  a  velocity  of  2000  feet 
per  second,  and  about  2100  feet  per  second  for  a  jet-velocity  of  4400 


THE  PRACTICAL  ENGINEER'S  HANDBOOK. 


feet  per  second.    In  practice,  the  actual  peripheral  velocity  varies  from 

Sofeet  '        '  .-    ■  -  .... 

rge  s 


>  feet  per  second  in  the  small  sizes  to  1400  feet  per  second  in  the 


A  lar^e  de  Laval  steam-turbine  engine  is  s 
the  turbine-case  and  the  geai-case  in  Jrig.  371: 


shown  in  section  through 


ID.— SeetuD  <if  ■  tsij*  dc  Lanl  itain.tiuUM,  by  GncDTood  *iid  Bitlty,  Ltd.,  Lecdt. 


Table  95B.— 

Results  of  Tests 

OP  A  DE 

Laval  Turbine  of 

300 

Brxke  Horse-power  when  Employed  im  Driving  Two  Dtnamos. 

■s 

Pr^ 

n*n>- 

1 
1 

"W 

i 
1 

lalioDi 

P«indl 

JSSi- 

?.a." 

COVCTOOC 

iDlDCbci 

ofMer- 
cii»T- 

Utrciuj. 

Go«r- 

V^ 

mE,. 

olthe 

w. 

"£,' 

pvBnkc 

S- 

'-I^" 

i 

sfe- 

307-0 

198-5 

37.3 

30-18 

83 

84 

s 

750 

'H 

0 

4906 

■3-94 

307-4 

197-0 

37-4 

30-07 

s 

64 

7 

756 

298 

4 

4=83 

■4'35 

20  rj 

1973 

37-4 

39-79 

■3 

5 

745 

196 

2 

3047 

15-53 

306-4 

196-9 

36-6 

29-93 

90 

8 

747 

333 

0 

505a 

15.17 

3073 

196-5 

36-8 

39-90 

97 

0 

7 

746 

384 

8 

4430 

ip6 

307-6 

195-8 

V5 

39-83 

97 

0 

5 

751 

'95 

2 

3"9 

.6-54 

301-5 

197-9 

28-1 

39-81 

So 

° 

3 

75" 

1189 

1950 

16-40 

The  results  of  some  tests  of  one  of  these  steam-turbines  which  were 
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made  by  Messrs.  Dean  &  Main,  of  Boston,  U.S.A.,  are  given  in  the 
preceding  table. 

The  diameters  of  the  de  Laval  turbine-whee'?  are  such,  in  relation 
to  the  given  peripheral  velocities,  that  the  speeds  are  from  10600 
revolutions  per  minute  for  the  large  sizes  to  30000  revolutions  per 
minute  for  the  small  sizes.  These  speeds  are  reduced  approximately 
10  to  I  by  helical  gearing,  giving  driving-shaf (-speeds  of  from  900  to 
3000  revolutions  per  minute.  The  speed- regulation  mechanism  of  the 
turbine  consists  of  a  centrifugal  governor  actuating  a  throttle- valve  m 
the  steam-supply  pipe, 

TlM  WcBtiiifflioTuia  Eigli  PrMnr*  Steua-Tni'liina  Engine— This 
Turbine  is  of  the  Impulse  type,  with  a  velocity  stage  followed  by 
several  pressure  stages.  The  steam  enters  through  nozzles  in  one  or 
more  of  the  nozzle-blocks,  expands,  and  its  potential  energy  is  con- 
verted into  velocity  or  Kinetic  energy.  Two  of  these  nozzle-blocks 
are  arranged  in  such  a  manner  that  they  may  be  cut  out  if  desired, 
when  running  on  small  loads  for  a  long  time.  This  first  transforma- 
tion gives  the  steam  sufficient  velocity  to  do  work  efficiently  on  two 
rows  of  moving  b''des.  After  striking  the  first  row  it  has  sufficient 
reserve  velocity  to  do  a  similar  amount  o!  work  in  the  second  row. 
This  first  wheel  is,  therefore,  compounded  for  velocity,  and  it  is  termed 
the  velocity  wheel.    Fig.  3711  shows  this  wheel. 

At  the  high  pressure  end  of  the  first  stage  through  which  the  steam 
passes,  the  arc  of  admission  is  comparatively  small,  and  in  consequence 
the  guide  blades  are  only  fixed  on  a  part  of  the  circumference  of  the 
diaphragm,  the  remainder  being  blank.  This  arc,  however,  gradually 
increases  from  stage  to  stage,  as  the  steam  expands,  until  the  nozzles 


tig.  37EB. — RotadoE  whecli  of  the  WcslingbouH  ileam-lurbine. 

are  placed  round  the  whole  circumference  of  the  diaphragm,  and  total 
admission  is  attained.  Up  to  this  point,  the  blades  on  each  revolving 
disc  are  almost  of  the  same  length,  and  as  the  pressure  falls,  the 
increased  volume  of  steam  is  provided  for  by  gradually  increasing  the 
length  of  the  blades.    This  arrangement  enables  the  outlet-velocity  of 
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the  steam  to  be  fully  made  use  of  in  every  stage  of  the  turbine.  After 
the  steam  leaves  the  velocity  wheel,  its  expansion  is  continued  in 
single  stages  until  the  exhaust  pressure   is  reached.      Each  of  these 

stages    consists   of   a  diaphragm 

— -^^^^  fixed  circumferentially  in  grooves 

io  the  interior  of  the  turbine 
cylinder,  and  a  moving  wheel  on 
the  shaft.  The  velocity  of  the 
'  steam  by  expanding  through  each 
set  of  diaphragm  nozzles  is  com- 
pletely used  up  on  the  next  moving 
wheel.  The  form  of  the  blades 
of  the  revolving  wheels  is  shown 
in  Fig.  371?.  A  steel  band  is 
rivetted  to  each  blade  to  obtain 
rigidity. 

Tlis    WestinghoiiKS    Low 
PrM«iix«,    or    Exhaust  •  Stwua 
ng.  jj.i-.-BLidn  of  lb.  watingho™  H«m-     Torbfai*  is  Similar  in  outline  and 
luibine.  appearance  to  that  or  the  high 

pressure  type.  It  possesses,  how- 
ever, somewhat  larger  steam-inlet  and  exhaust  pipes  and  valves,  due 
to  the  increased  volume  of  sleam  at  the  lower  pressure,  which  is 
approximately  twice  that  required  for  the  same  output  from  a  high 
pressure  turbine.     The  constructional  details  are  practically  identical 


Jif.  J7IG.— SlClIoii  of  a  Me»m-lurlrilM,  by  the  W 


to  those  of  the  high  pressure  turbine,  with  the  exception  of  the  velocity 
element,  which  is  generally  omitted. 

Tba  Wflwtiiighoiue  lEix«d  Presanro  Tnrbiua  is  a  high  pressure 
and  low  pressure  turbine  combined.  It  is  shown  in  longitudinal  section 
in  Fig  37  iG.  It  has  four  characteristics,  viz. — (i)  Working  with  exhaust 
steam  only.    (2)  Working  with  high  pressure  steam  only,    (3)  Working 
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with  exhaust  steam  and  high  pressure  steam  simultaDeously.  {4)  Oper- 
ating with  high  pressure  steam,  non -condensing.  Any  change  from 
one  to  another  of  these  conditions  is  carried  out  automatically  without 
interfering  with  the  operation  of  the  set.  The  mixed  pressure  turbine 
is  particularly  adapted  to  those  cases  where  the  supply  of  exhaust 
steam  is  intermittent,  such  as,  for  instance,  from  winding  and  lolling- 
mill  engines. 

The  steam- consumption  of  several  Westinghouse  steam-turbines  is 
given  in  the  following  table  : — 

Table  95c. — Results  op  Tests  of  the  Steam-Consomption  op 
Westinghouse  Stbam-Tukbines  with  Fcll  Load. 


SIboT 
Turbine 
K.W. 

IKiHiniUft 

Sl&in  PicHun  in 
Pound.  PB  Square 

Lj"™..'" 

■"Hour.    ■ 

500 

25OD 

16  absolute 

=7t 

27* 

360. 

550 

3000 

34-40 

550 

3000 

90  gauge 

2078 

1000 

3000 

1600 

1350 

3400 

15  absolute 

38-8 

3700 

TIm  Boelly  Steam-Turliiiifl  Engiusi  shown  in  Fig.  371H,  is  a  simple 
Impulse  Turbine.    The  steam  in  each  guide  portion  of  it  acts  only  on 


r>t.  371H.— Se«;oo  of  Ibt  Zoelly  it 


«,  by  John  MiEcravc  ft  Sons,  Lid.,  Bolton. 


its  own  rotating  portion.  The  steam  on  admission  passes  through  the 
first  set  of  guides  on  to  the  rotating  wheel,  and  thence  through  the 
second  set  of  guides  on  to  the  second  rotating  wheel,  and  so  on,  and 
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Table  95D. — Full  Load  Steam-Consumptions  and  Approximate 
Weights  of  Zoelly  High  Pressure  Steam-Turbines. 


Steam  Consump 

Lion  per 

Pipe  Di?mcur«  of 

B.H.P.  Hour  with  175  lbs. 
pressure  and  28^  inch 

Nctt 

an.p. 

Speed. 

vacuum. 

Weight 

in 
Toiu. 

Steam 
ialet. 

Exhaust  to 
Condenser. 

Atmo- 
spheric 
Exhaust. 

Satu- 
rated 
Steam. 

100"  Fah. 
Super- 
heat. 

aoo*  Fah. 
Super- 
heat. 

In. 

Ft. 

in. 

Fu  In. 

Lbs. 

Lbs. 

Lbs. 

50  to 

99 

3500 

2i 

0 

II 

0      4 

19*2 

16-9 

15-3 

n 

70  ». 

150 

3000 

3* 

32 

0 

II 

0     4 

186 

16-5 

14-9 

151  »» 

250 

3000 

I 

2 

0    7i 

16-3 

H'3 

I3'3 

4 

25  i  n 

350 

3000 

3i 

I 

5 

0    7i 

151 

'37 

12*4 

4i 

351    n 

450 

3000 

3^ 

I 

7 

0    7J 

14*2 

129 

117 

8i 

451  to 

too 

3000 

4f 

2 

0 

0    9 

13-6 

12-3 

"•3 

iii 

601  „ 

750 

3000 

4h 

2 

0 

0    9 

^ys 

I2-I 

in 

ii| 

751  " 

900 

3000 

4i 

2 

3 

0    IX 

132 

irS 

109 

14 

901  to 

IIOO 

3000 

5h 

2 

7^ 

0  II 

12*9 

11-6 

IO-8 

12^ 

IIOI    „ 

1300 

3000 

5h 

2 

7i 

I      '2 

12-8 

"■5 

IO-6 

i2i 

I30I  „ 

1500 

3000 

6 

2 

9i 

I      2 

127 

11-4 

105 

\i\ 

I50I  »» 

1850 

30.0 

7 

3 

3 

I    4 

12*6 

"•3 

10-5 

H 

601  to 

750 

2000 

4| 

2 

0 

0    9 

13*5 

I2*I 

ii'i 

18 

751  » 

900 

2000 

4i 

2 

3 

0  II 

13-2 

II-8 

109 

18 

90  to 

IIOO 

2000 

5i 

2 

7l 

0  II 

12*9 

II-6 

10-8 

20 

IIOI    „ 

1300 

2000 

5i 

2 

7i 

I     2 

128 

"•5 

1 06 

20 

1 301  „ 

1500 

2000 

6 

2 

9i 

I     2 

127 

"•4 

10-5 

00 

I50I  »l 

1850 

2000 

7 

3 

3 

I     4 

12*6 

11-3 

io*4 

25 

1000  to 

1350 

1500 

6 

2 

9l 

I     2 

12-8 

"•5 

IO-6 

35 

135^  ». 

1700 

1500 

6 

2. 

9i 

I     2 

126 

II-4 

105 

35 

I70I  „ 

2100 

1500 

7 

3 

3 

I     4 

12*3 

"■3 

104 

35 

2IOI    „ 

2350 

15^0 

7 

3 

3 

I     4 

12*2 

I1'2 

io*3 

35 

2351  to 

2700 

1500 

8 

4 

0 

I     7 

I2*0 

io*9 

9*9 

46 

2701  „ 

3300 

1500 

8 

4 

0 

I     7 

120 

107 

9-8 

46 

3301  „ 

4000 

1500 

9 

4 

7 

•  •  • 

11-8 

1 06 

97 

46 

4001  „ 

5000 

1500 

10 

4 

7 

•  •  • 

117 

10-5 

97 

46 

5001  » 

6500 

1500 

11 

5 

3 

•  •  • 

11-6 

10-4 

9-6 

70 

3001  to 

4000 

1000 

10 

4 

7 

•  •  • 

11-8 

IO-6 

97 

90 

4001  „ 

5000 

1000 

10 

4 

7 

•  •  • 

117 

io"5 

9-6 

90 

5«oi  » 

0500 

1000 

II 

5 

3 

•  •  • 

11-6 

10-4 

9-6 

95 

6501  »» 

8000 

1000 

12 

5 

II 

•  •  • 

ir6 

IO-4 

9*5 

95 

8001  „ 

10000 

1000 

• 

13 

6 

6 

•  •  • 

ii'5 

10-3 

9*5 

no 
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exhausts  into  the  condenser.  There  are  from  seven  to  sixteen  stages 
according  to  the  power  and  speed  of  the  turbine.  The  number  of 
blades  of  the  turbine  is  only  from  one-fifth  to  one-third  of  that  of  a 
multi-stage  turbine  of  the  same  output  and  speed.  A  section  of  the 
guides  is  shown  in  Fig.  371 1,  and  a  section  of  the  rotating  wheel  is 
Siown  in  Fig.  371  J. 

The  steam-consumption  of  Zoelly  Steam-Turbines  is  generally  as 
given  in  the  Table  on  page  434. 

Ths  Cnxtii  SteKm-TnrbinB  Engine. — In  this  turbine  the  steam  is 
expanded  in  two  or  more  stages,  each  stage  having  a  single  rtitating 
wheel  which  carries  several  rows  of  moving  buckets  enclosed  in  a 
chamber.  The  stationary  guide  blades  are  set  in  a  contrary  direction 
to  that  of  the  moving  Duckets.  The  arrangement  of  the  blades  is 
shown  in  Fig.  37  ik. 

The  operation  of  the  Curtis  Steam-Turbine  is  described  by  the 
General  Electric  Company  of  Schenectady,  U.S.A.,  as  follows  : — 

Velocity  is  imparted  to  the  steam  in  an  expanding  nozzle,  so  designed 
as  to  eiBciently  convert  nearly  all  the  expansive  force  between  the 
pressure  limits  used  into  velocity  in  the  steam  itself.  After  leaving 
the  nozzle  the  steam  passes  successively  through  two  or  more  lines  w 
vaneson  the  moving  element,  which  are  placed  alternately  with  reversed 
vanes  on  the  stationary  element.  In  passing  successively  through  these 
moving  and  stationary  elements,  the  velocity  acquired  in  the  nozzle  is 
fractionally  abstracted  and  largely  given  up  to  the  moving  element. 
Thus,  the  steam  is  first  thrown  against  the  first  set  of  vanes  of  the 
moving  element,  and  then  rebounds  alternately  from  moving  to 
stationary  vanes  until  it  is  brought  nearly  to  rest.  By  this  means  a 
high  velocity  is  made  efficiently  to  impart  motion  to  a  comparatively 
slow-moving  element.  The  nozzle  is  generally  made  up  of  many 
sections  adjacent  to  each  other,  so  that  the  steam  passes  to  the  wheeU 
in  a  broad  belt  when  all  the  nozzle  sections  are  in  flow.  The  governing 
is  eHected  by  successive  closing  of  nozzles  and  consequent  narrow- 
'  ig  of  the  active  steam  belt.     lo  Fig.  37tK  part  of  the  nozzle  is 

?  F  3 
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shown  open  and  part  closed,  the  arrows  show  the  space  filled  by  live 
steam.  In  the  process  of  governing,  the  nozzles  of  the  later  stages  may 
or  may  not  be  opened  and  closed,  so  as  to  mamtain  an  adjustment 


Nuwv  aiaae* 
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proportional  to  that  of  the  first  stage,  which  is  always  the  priirar/ 
source  of  governing. 
The    Curtis   steam-tuibines  are  made  with    either   horizontal  or 
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vertical  shafts,  according  to  requirements.    A  horizontal  Curtis  steam- 
turbine  is  shown  in  Fig.  37  il. 

The  results  of  the  tests  of  the  steam-consumption  of  a  number  of 
Curtis  steam-turbines  are  given  in  the  following  Table : — 

Table  951. — Official  Stkam-Consumptions  of  Curtis  Turbines. 


Stbam 

[. 

Exhaust 

Steam 
Consump- 

Maker of 
theTorbioe. 

Rating  K.  W. 

• 

R.P.M. 

Load 
K.W. 

Presnn  in  lbs. 

perSqiuurt 

Inch. 

Gatige. 

Super* 
heat. 

Vaconm. 

30  Inch 

Bar. 

tion  in 

Pounds 

perlCW. 

Hour. 

5374 

162 

133 

29*43 

1315 

8070 

197 

116 

2955 

13-0 

G.  £.  Co. 

9000 

750 

1 01 56 

176 

^^l 

29*47 

129 

1 2 108 

182 

148 

2934 

1305 

13900 

198 

140 

2931 

1 3*6 

G.  E.  Co. 

5000 

750 

5195 

174 

142 

29"3 

1352 

7526 

170 

134 

2865 

1373 

B.  T.  H. 

3000 

1500 

3000 

180 

100 

275 

153 

2250 

180 

100 

27-5 

15*5 

1500 

180 

100 

275 

17-1 

B.  T.  H. 

2500 

1500 

2497 

126 

68 

28-4 

i6-o6 

1266 

132 

67 

28-2 

18-67 

B.  T.  H. 

1000 

1500 

1004 

153 

100 

28-88 

158 

B.  T.  H. 

1000 

3000 

979 

148 

247 

28-5 

1435 

972 

140 

100 

280 

17-35 

485 

140 

98 

28-0 

197 

B.  T.  H. 

.500^ 

3000 

512 

120 

57 

27-97 

1995 

Mixed 

377 

121 

47 

27*95 

31-66 

Pressure 

246 

121 

36 

27*9 

253 

503 

15  abs. 

90 

27*49 

35'9 

401 

15      » 

83 

27-56 

36-9 

251 

i5-«   » 

93 

276 

4365 

G.  B.  Co.  denotes  the  General  Electric  Co ;  B.  T.  H..  denotes  the  British  Thomson- 
Honston  Co. 


The  Bnish  Steam-TiirUiM  Bngine. — ^The  brush  exhaust  steam- 
turbine,  shown  in  Fig.  371M,  is  of  the  double  flow  type  arranged  on  the 
reaction  principle.  The  steam  is  admitted  at  both  ends  of  the  turbine, 
and  flows  to  tne  condenser  through  a  large  port  at  its  centre.  The 
main  bearings  of  the  turbine  arc  placed  in  cylindrical  shells  seated  in 
the  bedplate.  Only  one  of  these  shells  is  fixed  in  its  seat.  The  other 
is  free  to  slide  axially  in  order  to  accommodate  longitudinal  expansion. 
The  rotor  carries  at  each  end  fifteen  rows  of  blades,  the  shortest  of 
which  is  }  inch  high,  and  the  longest  3  inches  high.  The  blades  are 
of  brass,  and  the  grooves  into  whidi  they  fit  are  ^  inch  deep  and 
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f  inch  wide  in  the  case  of  the  first  eleven  rows  of  blades,  and  ff  inch 
in  the  case  of  the  last  four.  The  speed  of  the  turbine  is  2,000  revolu* 
tions  per  minute.  This  speed  is  maintained  by  an  eflficient  governor 
within  a  limit  of  2^  per  cent. 

In  a  test  of  this  turbine  the  consumption  of  steam  was  as  given  in 
the  following  Table : — 

Table  95F. — Results  of  a  Test  of  the  Steam-Consumption  of 

THE  Brush  Steam-Turbine. 


Load. 

Water  per  Hour  in 
Pounds. 

Steam  at  Stop  Valye. 

Steam 
Pressure 
below  the 

Valve. 

Pounds 

Absolute. 

Baro- 
meter. 

Vacuum. 

Traction  of 
NormaL 

Kilo- 
watt. 

Total. 

Per 

Kilowatt 

Gauge 

Pressure  in 

Pounds  per 

Square  Inch. 

Tem- 
pera- 
ture. 
Decrees 
(Fahr.) 

Inches  of 
Mercury. 

Inches  of 
Mercury. 

t 

Full 

II 
II 

306 
448 

596 
602 
603 

10770 
14076 
18876 

19569 
1 8910 

35"2 
314 
317 
325 
31  "35 

—  -610 
-•245 

—  -170 

+      -8 
+      '4 

229 
241 
256 
222 

253 

9'5 

12-4 

i5'o 
I5'5 
15-4 

29-85 
29-85 
29-85 
30-28 
30-28 

2882 
28-64 
28-28 
28*41 
28-41 

The  Sateau  Steam- Turbine  Engine. — This  turbine,  shown  in 
Fig.  371N,  is  multicellular,  and  consists  of  a  certain  number  of  elements, 
each  element  comprising  one  distributor  and  one  moving  wheel.*  It 
has  a  series  of  flat  moving  wheels,  varying  in  number  according  to  the 
requirements,  fitted  on  a  shaft.  The  wheels  are  placed  between 
circular  discs  whose  rims  fit  into  grooves  on  the  inside  of  the  casing. 
The  shaft  passes  through  bushes  of  white  metal  in  these  diaphragms. 
The  interior  of  the  turbine  is  divided  by  the  diaphragms  into  a  number 
of  chambers  or  cells,  in  each  of  which  a  wheel  revolves ;  and  it 
forms  a  stage.  In  the  first  diaphragm  through  which  the  steam  passes, 
the  distributing  vanes  are  placed  only  upon  a  part  of  the  circumference. 
Partial  injection  of  the  steam  is  therefore  obtained,  and  the  velocity 
of  the  steam  is  better  utilised.  Moreover,  to  produce  the  same  effect, 
the  useful  part  of  each  distributor  is  set  with  an  angular  advance  on 
the  precedmg  section.  This  angle  of  advance  is  calculated  according 
to  the  speed  of  rotation,  so  that  the  steam  leaving  one  moving  wheel 
enters  into  the  following  distributor,  and  never  encounters  a  solid  wall, 
which  would  produce  a  shock,  and  therefore  a  loss  of  kinetic  energy. 
For  the  last  wheels  it  is  necessary  to  employ  total  injection,  that  is  to 
say,  the  distributing  vanes  must  be  set  upon  the  whole  circumference 
of  the  diaphragm,  and,  moreover,  owing  to  the  expansion  of  the  steam 

*  Abstract  from  a  Paper  read  by  Professor  A.  Rateau  at  a  meeting  of  the  American 
Society  of  Mechanical  Engineers. 
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ilts  of  tests  of  a  Rateau  steam* 


the  radius  must  be  increased.    The 
turbine  are  given  in  Table  9^0. 


Table  95G.— Results  op 

A  Test 

OP    THE 

Rateau  Steam-Tuhbinb. 

D*u. 

lLo.d. 

ILoxL 

FuH  Loud. 

0™lc»d 

Ontloid  u 

Electrical  H.P.  at  brushes 

135 

350 

5^5 

6.7 

641 

Admission  pressure,  abso- 

lute, lb.  per  sq.  in. 

4621 

76'6 

136 

156 

156 

Exhaust  pressure,   abso- 

lute, lb.  per  sq.  in. 

1-24 

"33 

1.63 

r82 

1-82 

TheoretLcal  steam  con- 

sumption    of     perfect 

engine  per  H.  P.  hour, 

lb 

10-93 

9-8 

8-89 

8-73 

873 

Actual  steam  consump- 
tion per  electrical  H.P. 

1 

hour  at  brushes,  lb.      . 

21-3 

!8 

15-3 

»5'39 

1490 

Combined    efficiency  of 

the    electrical  genera- 

ling  set        .        .        . 

0-513 

0-540 

0-560 

0-569 

0.580 

The   Buvmuia   Stoun-Tnrbine     Esgiiie. — Steam-turbines     are 
sometimes  so  constructed  that  the  steam  alter  leaving  the  first  series 
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of  blades  is  led  back  to,  and  acts  one  or  more  times  upon,  the  same. 
The  Bergmann  steam-turbine  shown  in  Fig.  3710  is  constructed  on  this 
principle.  It  has  a  revolving  wheel  with  two  series  of  blades  having 
a  small  space  between  them,  which  is  occupied  by  the  reversing  guide- 
blades  fixed  on  the  body  of  the  turbine.  After  the  steam  has  passed 
through  the  first  series  of  blades,  it  is  deflected  by  the  reversing  vanes 
back  to  its  original  direction,  and  passes  through  the  second  series  of 
blades.  From  five  to  fifteen  pressure-stages  or  chambers  are  employed 
according  to  the  requirements.  In  the  first  chamber  the  principle  of 
velocity  stages  is  employed.    The  velocity  of  the  steam  is  not  entirely 


n(.  371a— Ecalon  ofthf  BcrKraaBD  HeuB-ImbiDe,  by  Dick,  KattCa.,  Ltd.,  Proton. 

destroyed  until  it  has  passed  all  the  blades  of  the  same  stage.     The 
turbine  has  a  spring  governor. 

Til*  SolmlM  8t«adn-TiirbiBe  Engine. — ^This  is  a  compound  multiple 
expansion  impulse  parallel  flow  turbine.  Steam  passes  alternatively 
through  guide  rings  and  through  moving  blades.*  In  order  to  make 
the  most  of  the  expansion  of  the  steam  for  small  loads  as  well  as  for 
large  loads,  adjustable  slides  are  arranged  in  the  various  stages  in  front 
of  the  inlet  openings  of  the  guide  vane  wreaths.  The  regulating  device, 
shown  in  Figs.  371P  and  371Q,  consists  of  circular  segments  operated  by 
spurwheels  which  are  mounted  on  a  spindle  on  the  top  of  the  turbine, 
and  in  this  way  the  fall  of  pressure  available  is  fully  utilised,  even  at 
the  smallest  loads.    The  regulation,  according  to  this  method,  is  carried 

*  Extract  from  Tht  Enginitr. 
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out  in  such  a  manner  that  the  steam  does  not  work  within  the  same  fall 
of  piessure  at  the  different  loads.  For  the  smaller  loads  more  of  the 
guide  passages  are  opened  In  the  later  regulated  stages  in  proportion 
to  the  number  opened  in  the  first  stage,  so  that  the  section  of  the  open 
guide  passages  increases  at  a  greater  rate  for  small  loads  than  for  large 
ones,    A  Schuiz  steam-turbine  engine  of  560  horse-power,  working  with 


Hgi.  ifiTtai  37ri}.— RcgnUdnEdevio  of  Ibc  Schull  ■tuM'turlHBe. 

a  steam  pressure  of  13  atmospheres,  was  tested  with  different  loads, 
and  the  results  obtained  are  given  in  the  following  Table : — 


Table  95H.— Results  of  » 

Test 

OF  A  SCHULZ   StBAM-TuR 

BINE. 

Load 

Drop  in  the  load,  per  cent. 
Kilos  of  steam  used   . 
Increase  in  the  amount  of 
the  steam  used,  per  cent. 

■.'■. 

6 

3/4 
=■5 

i 
e'35 
55 

i 

75 
77 

28 

37 

SECTION    VI. 


STRENGTH  AND  SPECIFIC  GRAVITY  OF 
STEEL  AND  WROUGHT- IRON  PLATES 
AND  BARS;  CAST-IRON,  GUN  -  METAL, 
AND  OTHER  MATERIALS;  COMPOSITION 
OF  NUMEROUS  ALLOYS;  FRICTION; 
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Btftd-Load,  means  one  that  is  put  on  by  degrees  and  remains  steady. 

ZdT«-Lomd,  means  one  that  is  put  on  suddenly  and  accompanied  with 
vibration.  The  effect  of  a  live-load  upon  a  structure  is  much  more  injurious 
than  that  of  a  dead-load. 

Bat  is  the  permanent  strain  or  alteration  of  shape  of  an  imperfectly 
elastic  body  which  remains  after  a  load  has  been  removed. 

8tiAi6M  is  measured  by  the  intensity  of  the  stress  required  to  produce 
a  certain  fixed  quantity  of  strain. 

FliAbility  is  the  inverse  of  stiffness,  and  is  measured  by  the  quantity  of 
the  strain  produced  by  a  certain  fixed  stress. 

Moduluji  of  Elastioity  is  the  reciprocal  of  the  direct  pliability  when 
the  stress  does  not  exceed  the  proof-strength. 

The  modulus  of  elasticity  is  the  measure  of  the  elastic  force  of  any  sub- 
stance. It  may  be  expressed  as  the  force  in  lbs.  required  to  stretch  a  bar 
to  double  its  length,  if  its  elasticity  remained  perfect.  A  stretching-force 
was  applied,  in  an  experiment,  to  a  bar  of  good  wrought-iron,  lo  feet  long, 
which  produced  an  extension  in  inches  equal  to  TitWv^^  P^^  ^^  ^^  weight 
or  force  in  lbs.  required  to  stretch  it,  and  the  modulus  of  the  elasticity  of 
this  iron  is  =  233500  x  120  inches  length  of  bar  =  28020000  lbs.  per 
square  inch.  The  modulus  of  elasticity,  or  resistance  to  stretching,  of 
metals  and  woods,  averages  as  follows : — 


Cast-steel,  hardened   . 

.  37500000 

Teak         .        .        .    . 

,     2167000 

Cast-steel,  not  hardened  . 

.  33000000 

Oak       .        .        .        . 

.     1714500 

Mild  steel  . 

.  30000000 

Ebony 

1610000 

Wrought-iron . 

.  28020000 

Birch      .         .        .        , 

.     1600000 

Iron-wire    .        .         .     . 

,  25000000 

Mahogany,  H.    . 

.     1593000 

Homogeneous  metal 

.  23830000 

Ash        .        .        .        . 

1525000 

Platinum-wire     .        .     , 

.  22000000 

Pine 

1500000 

Cast-iron 

,  18000000 

Box 

1421000 

Copper-wire       .        .    . 

.  14500000 

Elm 

.     1343000 

Cast-iron,  weak 

14000000 

Beech     .        .        .        , 

1316000 

Phosphor-bronze         .    . 

13500000 

Poplar,  white      .        .    . 

I 134000 

Brass-wire 

13500000 

Alder     .        .        .        . 

1086750 

Gun-metal          .        .     . 

9500000 

Sycamore  .        .        -    . 

1036000 

Brass     •        .        .        . 

,    9000000 

Chestnut 

.      924750 

Tm 

4500000 

Walnut      .         .        .     , 

837000 

Lead,  sheet    . 

720000 

Blue-gum 

800000 

The  Stress  or  Full  in  lbs.  per  Bquare  Inch  required  to 
filongate  a  Bar  may  be  foimd  by  multiplying  the  strain  by  the  modulus 
of  elasticity. 

The  Strain  produced  hj  a  given  Direct  Stress  may  be  found  by 
dividing  the  stress,  or  pull  in  lbs.  per  square  inch  required  to  elongate  a 
bar,  by  the  modulus  of  elasticity. 

Spring  or  Resilience,  is  the  greatest  quantity  of  work  which  a 
body  can  bear  in  the  form  of  a  blow  or  shock  without  injury.     It  is 
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equal  to  one-half  of    the  product  of  the  proof  strength  of  the  body 
by  its  proof  strain. 

^  IHreet  Extensibility,  or  compressibility,  is  the  amount  of  direct  strain 

I  produced  by  each  pound  on  the  square  inch  of  direct  stress. 

Elastic  Strength  or  the  Elastic  Zomit  is  the  utmost  amount  of  stress 
which  a  body  can  bear  without  set.  The  elastic  limit  of  good  mild  steel- 
plates  averages  1 7  tons  per  square  inch  either  along  or  across  the  grain,  and 
of  good  wrought  iron-plates  it  averages  13  tons  per  square  inch  either  along 
or  across  the  grain.  The  elastic  limit  of  iron  and  steel-bars  and  plates  may 
in  a  general  way  be  taken  at  one-half  the  breaking  weight.  A  stress  of  one 
ton  per  square  inch  applied  to  a  bar  of  wrought-iron  will  produce  an  elonga- 
tion of  approximately  y^ft^^th  part  of  its  length,  and  each  additional  ton  of 
strain  applied  will  stretch  the  bar  another  ^oioo^^  P^^  ^^  ^^  length,  until 
the  limit  of  its  elasticity  is  reached. 

The  Fatigue  of  a  Ketal  is  the  disturbance  of  its  component  particles 
under  strain  or  stress  within  the  limits  of  its  elastic  strength. 

The  Befreshment  of  a  Ketal  is  the  re-adjustment  of  its  com- 
ponent particles  after  fatigue,  or  the  restoration  of  the  metal  to  its 
original  state. 

The  Patience  of  a  Ketal  is  the  time  required  for  its  restoration  after 
fatigue. 

The  Endurance  of  a  Ketal  is  its  power  of  resisting  a  prolonged  strain 
or  stress.  The  endurance  of  a  metal  has  no  fixed  relation  to  its  tensile 
strength,  or  its  power  of  resisting  a  tensile  strain  for  a  short  period. 

The  Factor  of  Safety  is  the  ratio  in  which  the  breaking-strain  on  a 
piece  of  material  exceeds  the  working-strain. 

^  ,     -  breaking-strain 

Factor  of  safety  =  ^orking--strifir' 

Breaking-Strain  =  working-strain  x  factor  of  safety. 

The  factor  of  safety  for  a  live-load  is  usually  6  in  metals,  8  in  masonry, 
and  10  in  timber.  The  factor  of  safety  for  a  dead-load  is  usually  one-half 
that  required  for  a  live-load. 

A  Test-Strip  of  Steel,  about  i  inch  wide  and  from  6  to  9  inches 
long,  cut  either  lengthways  or  crossways  of  the  plate  or  bar,  after  being 
heated  to  a  low  cherry-red  and  cooled  in  water  at  a  temperature  of  82° 
Fahr.,  should  stand  bending  double  round  a  curve  of  which  the  diameter 
is  not  more  than  three  times  the  thickness  of  the  piece  to  be  tested,  without 
fracture.    The  fracture  of  a  broken  test-strip  of  steel  should  be  silky. 

A  Test-Strip  of  Wronght-Iron  2  feet  long  and  2  square  inches  of 
sectional  area  of  the  iron  used  for  crank-shafts,  should  not  fracture  until 
twisted  at  least  five  complete  turns,  and  the  fracture  should  be  fibrous.  It 
should  also  double  up  cold,  quite  close,  without  fracture.  The  edges  of  the 
test-strip  should  be  planed  in  the  direction  of  the  grain :  when  planed  across 
the  grain  it  is  liable  to  fracture  in  the  tool-grooves. 

A  good  Steel  Casting  should  bend  through  a  right  angle  before 
breaking,  and  it  should  be  composed  of  '28  carbon,  '3  silicon^  and  '69 
manganese. 
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SteelpFlatMy  Wsonght-iroii  Plates,  and  Bars,  should  be  well  and 
cleanly  rolled,  and  free  from  scales,  blisters,  laminations,  cracked  edges, 
or  other  defects.  They  should  be  of  such  quality  and  strength  as  to  be 
equal  to  the  tensional  strains  given  in  the  following  table,  and  to  indicate 
the  per-centages  of  elongation  and  of  contraction  of  the  area  at  the  point 
of  fracture  therein  given. 

Table  96. — ^Tensile  Strength  of  Steel  and  Iron  Plates  and  Bars. 


Description  of  Plates  and  Ban. 


Siemens-Martin  mild  steel  boiler-plates,  either  along 
or  across  the  grain.  With  an  elongation  of  20  per 
cent,  in  8  inches ;  not  to  be  less  than  . 

Or  more  than 

Steel-rods  for  making  rivets ;  not  to  be  less  than 
Or  more  than 

Siemens-Martin  mild  steel-plates  for  girders,  bridge- 
plates,  channel,  angle  or  flat  bars,  either  along  or 
across  the  grain,  with  an  elongation  of  20  per 
cent,  in  8  inches ;  not  to  be  less  than      .        .    . 
Or  more  than 

Mild  hoop-steel 

Mild  steel  for  piston-rods  and  valve-spindles  . 

Mild  steel  plates  for  fire-boxes 

Steel-castings,  with  an  elongation  in  10  inches  of  not 
less  than  18  per  cent. ;  not  to  be  more  than 

Best  Yorkshire  wrought-iron  plates,  along  the  grain 

Best  Yorkshire  wrought-iron  plates,  across  the  gr^n 

Wrought-iron  bolts,  nuts  and  rivets 

Wrought-iron  boiler-plates,  along  the  grain         ,     . 

Wrought-iron  boiler-plates,  across  the  grain    . 

Wrought-iron  ship-plates  and  bridge-plates,  along 
the  grain 

Wrought-iron  ship-plates  and  bridge-plates,  across 
the  grain 

Wrought-iron  round  and  square  bars,  and  flat  bars 
under  6  inches  wide 

Wrought-iron  angle,  channel,  "f  bars,  and  flat  bars 
6  inches  wide  and  upwards         .... 

Hoop-iron 

Wrought-iron  rolled-joists 

Wrought-iron  crank-shafts 


Tensional 

Breaking 

Strain  per 

S<^iiare  Inch 

in  Tons. 


Tons. 

26 

25 
28 


27 

33 
28 

25 

30 
24 
22 

23 
21 

18 
20 

17 
24 

22 
22 
24 

25 


Percentage 

of  Contrac- 

ti<»i  of  Area 

of  Fracture. 


Percent 


20 

30 
40 
40 


20 
20 
12 
30 
50 

45 

15 
12 

25 
10 

5 
8 


20 

15 
8 

15 
42 


Xild  Steel  for  Fire-box  Plates  should  have  very  little  phosphorous 
and  no  sulphur  in  its  composition,  as  they  reduce  the  heat^enduring  power 
of  steel. 
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Table' 97. — ^Average  Strength  of  Iron  and  Steel  Bars  and  Plates, 

CULLED   FROM  THE  TeST-BoOKS   OF  SEVERAL  NOTED   MANUFACTURERS. 


Description. 


5 


Wrought-iron  bars  made  at  the  Earl  of  Dudley's 
Round  Oak  Iron  Works,  Dudley : — 

per  cent,  in ") 
10  inches.    ) 
per  cent. 
10  inches 
per  cent. 
10  inches, 
per  cent. 
10  inches, 
per  cent. 
10  inches 
per  cent. 
10  inches, 
per  cent. 
10  inches, 
per  cent. 
10  inches, 
per  cent, 
10  inches, 
per  cent. 
10  inches, 
per  cent. 
10  inches 
per  cent,  in 
10  inches, 
per  cent. 
10  inches. 


L.  W.  R.  O.  bars,  elonga- ")     g.g 
tion     .        .  . ) 

L.  W.  R.  O.  bars,  elonga- ) 
tion         .        .        .     .3  ^7  5 

Best  bars,  elongation        .      25*4 

Best,  best,  bars,  elongation     297 

Best,  best,  best,  bars,  elon- ) 

gation .        .        .        . )  ^    7 
Best,  best,  best,  C  bars,) 

elongation        .        .     . )     ^ 
Best  rivet-iron  bars,  elon-  j     ,.^ 

gation .        .        .        . ) 
Best,  best,  rivet-iron  bars,  )     g, 

elongation        .        •    • )        ^ 
Best,  best,  best,  rivet-iron  ) 

bars,  elongation   .        •) 
Best,  best,  best,  rivet-iron)     «« 

special  bars,  elongation  ) 
Best  cable-iron  bars,  elon- ) 

gation     .        .        .     . )     5 " 
Best,  best  cable-iron  bars, ) 

elongation    .        .        •)     ^ 
Best,  best,  best,  cable-iron  ) 


m 
n 
n 
n 
n 
n 
n 
m 


h 


bars,  elongation       .    .  j  *^  ^ 
The  average  tensile  breaking-strain  of  the  above 
bars,  per  square  inch  of  fractured  area  was  46*2 
tons. 


Wrought-iron  plates  and  bars  made  by  the  Shelton 

Iron  and  Steel  Co.,  Limited,  Stoke-on-Trent : — 

Best  boiler-plates  ^  inch  thick,  lengthways      .     . 

I,  „  ,1  ,,      crossways     .        • 

Elongation  in  1 2  inches  =  |  inch  lengthways,  and 

^  inch  crossways. 


Tensional 

Breaking 

Strain  per 

S<^uare  Inch 

in  Tons. 

Percentage 
of  Contrac- 
tion of  Area 
of  Fracture. 

Tons. 

Percent 

24-94 

48-2 

26-57 

44 

24-67 

45*3 

23*35 

45*2 

23-60 

46-9 

26*42 

479 

2475 

45*7 

2475 

47'2 

24-26 

47*2 

24-40 

473 

24-28 

45*3 

23*25 

49-1 

23*94 

47*3 

22*3 

18-7 


10-3 

46 


G  Q 
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Table  97  continued. — Average  Strength  of  Iron  and  Steel  Bars  and 

Plates,  by  Several  Noted  Manufacturers. 


Description. 


Wrought-iron  plates  and  bars  made  by  the  Shelton 

Iron  and  Steel  Co.,  Limited  :  — 
Best,  best,  boiler-plates  ^  inch  thick,  lengthways 
„      „  ,,  ,,  ,,      crossways  . 

Elongation  in  12  inches  =  i^V  ^^^^  lengthways, 

and  I  inch  crossways. 
Best,  best,  boiler-plates  W  inch  thick,  lengthways 

,,      ,,  ,,  yy  ,,      crossways  . 

Elongation  in    12  inches  =  i    inch   lengthways, 

and  \^  inch  crossways. 
Rivet-iron.     Elongation  in  12  inches  =  3}  inches, 

or  2j  per  cent. 

Bolt-iron.     Elongation  in  12  inches  =  3!  inches, 

or  30*2  per  cent 

Angle-iron.   Elongation  in  12  inches  =  3}  inches, 

or  27  per  cent 

Cable  or  chain-iron.    Elongation  31*8  per  cent.  . 


Wrought-iron  bars  and  plates  made  by  the  Butterley 
Company,  Alfreton : — 
Best  round  and  square  bars 
Best,  best,  round  and  square  bars    . 
Best,  flat,  angle,  and  "f-^^irs 
Best,  best,  flat,  angle,  and  "["-^^rs  . 
Best  plates,  lengthways 

„      crosswa)rs     .... 
best  plates,  lengthways 
„        „      crossways 
Rolled-joists 


)i 


it 


») 


Wrought-iron  and  steel-plates  and  bars  made  by 
W.  Beardmore  &  Co.,  Parkhead  Works,  Glas- 


gow : — 
Best,    best,    wrought-plates 

elongation 
Best    triple-crown   wrought-) 

iron  plates,  elongation  .     .  ) 


:| 


10 


12 


per  cent,  in  | 
8  inches.  ) 
per  cent,  in  ^ 
8  inches.     ) 


TcDsional 
Breaking 
Strain  per 


Percent!^ 
of  Contrac* 
lion  of  Area 


c»....«  f«i.k     ^lon  01  A.rea 


Tons. 


236 
20-l6 


23'II 

206 


25 

23*14 

26-5 
24-5 


239 

25*1 

21*6 

245 

20*63 
16*17 
22*83 
19*26 
24*92 


21 


22^ 


^»-i»" 


Per  cent. 

l6*2 
10*4 


14-3 

10*5 


40 

47 

34' I 
40*6 
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Table  97  continued, — ^Average  Strength  of  Iron  and  Steel  Bars  and 

Plates,  by  Several  Noted  Manufacturers. 


Description. 


Wrought-iron  and  steel-plates  and   bars  made  by 
W.  Beardmore  and  Co.,  Parkhead  Works,  Glas- 


Tenstonal 

Breaking 

Strain  per 

S<^uare  Inch 

in  Tons. 


gow: — 

Best  wrought-iron  bars,  elon- 
gation 

Best,  best,  wrought-iron  bars 
elongation  *. 

Angle-iron,  elongation . 
Rivet-iron,  elongation 

Iron-forgings,  elongation 

Steel  boiler  shell-plates,  elon. 

gation 
Steel   internal   boiler-plates 

elongation 

Steel  ship-plate%  elongation 

Steel-ancles  and  bars,  elon- 
gation 

Rivet-steel,  elongation 


} 
] 
] 


20 


C  per  cent. 
(  8  inches. 
C  per  cent. 
\  8  inches. 
^  per  cent. 
(  8  inches. 


25 

23 

Krai  per  cent, 
j  ^54  1 8  inches. 
I  C  per  cent. 
^^«  (8  inches. 
1  ( per  cent. 
^^«  (8  inches. 

-, .  i  i^  per  cent. 

^^*  1 8  inches. 

n,  (percent. 

^^*  (8  inches. 

per  cent. 

8  inches. 


] 


n\ 


\  Cper  cent. 

•     '333  1^8  inches. 

Steel  bridge-plates,   elonga- )    ,  |  per  cent, 

tion         .        .        .        . )  ^3  (8  inches. 

Steel-forgings,  elongation     .  |  23I  |  gYnche!'. '"  } 


n 


n 


n 


Wrought-iron  and  steel-plates  and  bars  made  by 

John  Brown  and  Co.,  Limited,  Sheffield : — 
Iron  boiler-plates,  best,  best,  lengthways 
Iron  boiler-plates         „         crossways    . 
Iron  boiler-plates,  best,  best,  best,  lengthways 
Iron  boiler-plates  „  crossways 

Steel-plates  and  bars  ;  not  less  than     . 

Or  more  than 

Rivet-steel  and  boiler-stay  bars  ;  not  less  than 

Or  more  than 

Steel-shafts  and  axles ;  not  less  than    . 

Or  more  than 


Tons. 


Percenta£e 
of  Contrac- 
tion of  Area 
of  Fracture. 


23 
u\ 

22J 

29 

27  J 

3oi 
31 

29 
29J 


20 

17 
22 

18 

26 

I? 

30 
30 

35 


Per  cent. 


25 

32 


G  G  2 
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Table  97  continued, — Average  Strength  of  Iron  and  Steel  Bars  and 

Plates,  by  Several  Noted  Manufacturers. 


Description. 


Wrought-iron  and  steel-plates  and  bars  made  by 
John  Brown  and  Co.,  Limited,  Sheffield  : — 

Steel-tires  ;  not  less  than 

Or  more  than 

Wrought-iron  bars  made  by  N.  Hingley  and  Sons, 
Netherton  Iron  Works,  Dudley: — 
Netherton  crown-best  bar-iron,  elongation  30  per 

ewllv.     •  .  .  .  a  .  .  .. 

Netherton  crown-best  bar-iron,  elongation  19  per 

cent 

Netherton  crown-best  bar-iron,  elongation  22  per 

cent 

Netherton  crown-best  bar-iron,  elongation  24  per 

cent 

Netherton  crown-best  rivet-iron,  elongation  20  per 

cent 

Netherton  crown-special    best,   best,   cable-iron, 

elongation  23  per  cent 

Netherton  crown-special    best,   best,  cable-iron, 

elongation  23^  per  cent 

Netherton    crown-special    best,    best,    2y®,-   inch 

cable-iron,  elongation  14  per  cent.    . 


\ 


Steel-plates,  bars,  (S:c.,  made  by  the  Bolton  Iron  and 
Steel  Company,  Limited,  Bolton  : — 

Steel-plates     and     bars     ^or  *)       C  per  cent,  in ") 
boilers,  elongation     .         . )    ^  ( 8  inches.      ) 

Steel    bridge-plates,    elonga- \  ^^\ per  cent,  in 
tion ;       C  8  inches. 

Steel-angles,  tees,  bulb-beams,  S       (  *  •   ") 

Jc    for  bridge  and   ship-     20    g^;^/" 
buildmg,  elongation  .        .)       C  ) 

Rivet-steel,  elongation 

Steel    locomotive-crank-axles ") 
and  straight  axles,  elonga 


tion 


\  ^^^  per  cent,  in  7 
•  1  30  [  §  ij^ches.     1 


Tensional 

Breaking 

Strain  per 

Square  Inch 

in  Tons. 


Tons. 

26 

50 


22  6 

45 

22*9 

46 

232 

44 

23-8 

35 

23-5 

50 

24 

45 

25-5 

45 

257 

27 

28 


29J 


29f 

27 

28  to  30 


Percentage 
of  Contrac- 
tion of  Area 
of  Fracture. 


Percent. 


45 
40 

40 
50 
50 
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Table  98. — Breaking  Strength  of  Steel-Plates  and  Bars,  and  of 

Steel-Wire  in  lbs.  per  Square  Inch. 


Tenacity 

in  lbs.  per 

Squan 

i  Inch. 

Description. 

Authority. 

Lengthway. 

Crossway. 

Siemens-Martin  mild-steel  boiler- 

plates, highest  average 

64000 

64000 

— 

Siemens-Martin  mild-steel  boiler- 

plates .        .        .        .        .     . 

60000 

60000 

— 

Siemens-Martin  mild-steel  boiler- 

plates       

58150 

58150 

Siemens-Martin  mild-steel  boiler- 

plates .        .        .        .        .     . 

57850 

57850 



Siemens-Martin  mild-steel  boiler- 

plates, lowest  average 

53000 

53000 

— 

The  above  steel-plates  will  probably 

average  an  elastic  limit  of  40000 

lbs.  per  square  inch  tension,  with 

an  elongation  of  20  per  cent,  in 

8  inches,  and  a  contraction  of 

area  of  fracture  of  20  per  cent. 

in  8  inches. 

Mild-steel  plates  and  bars  contain- 

ing '13  per  cent,  of  carbon  with 

an  elongation  of  26  per  cent,  in 

8  inches 

62000 

62000 

— 

Mild-steel  plates,  stamping  grade  . 

58240 

58240 

— 

„        bars,  average  of  number 

59000 

59000 

„        bolts    .... 

80640 

80640 

,,        rivets      .         .         .     . 

62720 

62720 

Cast-steel  castings 

65000 

65000 

Hadfield's  manganese-steel,  ham- 

mered           

94080 

•  ■  • 

Homogeneous  metal-bars     . 

100990 

•  •  • 

W.  H.  Barlow. 

93000 

•  •  • 

Fairbairn. 

)}                  >>            •        • 

90647 

•  •  • 

Kirkaldy. 

>>                  tt               •     • 

89720 

■  •  • 

>> 

Bessemer-steel    bars,    rolled  and 

forged 

I52912 

•  ■  • 

Wilmot. 

Bessemer-steel    bars,    rolled  and 

forged 

I I 1460 

«  ■  • 

Kirkaldy. 

Cast-steel  bars,  rolled  and  forged  . 

134000 

•  •  • 

Rennie. 

>y                        >>                         ij 

132900 

•  •  • 

Kirkaldy. 

if                      i*                      yj 

92015 

■  ■  • 

J* 

Shear-Steel  bars,  rolled  and  forged 

1 18468 

•  •  ■ 

*t 

Soft-steel  plates,  tempered        .     . 

I217OO 

•  •  a 

Tresca. 

„          „           not  tempered 

81700 

•  •  ■ 

i> 
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Table  98  continued. — Breaking  Strength  of  Steel-Plates  and  Bars, 
AND  OF  Steel-Wire  in  lbs.  per  Square  Inch. 


Tenacity 

in  Ibc  per 

• 

Square  Inch. 

Dacripiioa. 

Authority. 

Lengthway. 

Crottway. 

Hard-Steel  plates,  tempered     .     . 

103000 

e  •  • 

Tresca. 

Hard-steel  plates,  not  tempered    . 

74300 

•  •  • 

II 

Puddled-steel  bars,  rolled  &  forged 

I 16330 

a  •  • 

W.  H.  Barlow. 

M                            >«                   it                           »» 

95233 

•  •  « 

II 

n                   f>             »»                   »i 

94760 

«  •  • 

Mallet. 

M                        i>                If                        )) 

90000 

•  •  • 

Fairbairn. 

M                          >)                  >l                          II 

71480 

•  ■  ■ 

Kirkaldy. 

II                   II             II                   II 

62760 

t  •  • 

II 

Spring-Steel  bars         „            „ 

72529 

•  •  ■ 

» 

Whitworth's  compressed-steel 

89600 

•  •  • 

SirJ.Whitworth. 

#»                II              11     •     • 

152320 

■  •  • 

I> 

Whitworth's  steel,  tempered  in  oil 

107968 

■  •  • 

II 

II          II            II            II 

93000 

•  •  « 

Fairbairn. 

II          II            II            II 

90647 

■  •  • 

Kirkaldy. 

}>          II            II            II 

89724 

■  •  « 

11 

Cast-steel  plates  .... 

96280 

97150 

II 

II            II          .... 

75590 

69082 

II 

„            „    hard    . 

102900 

e  •  • 

Fairbairn. 

„            „     soft         .        .     . 

85400 

•  a  • 

II 

Puddled-steel  plates     . 

102590 

85363 

Kirkaldy. 

II            II             ... 

71530 

67685 

II 

Soft  cast-steel  for  guns,  not  tem- 

pered      ..... 

77930 

«  •  k 

Anderson. 

Cast-steel  tempered  in  oil        .     . 

120467 

■  •  • 

II 

i  Krupp's  cast-steel  bolts 

91840 

•  •  • 

Kirkaldy. 

„       steel  crank-shaft          .     . 

93640 

•  •  • 

- 

Cast-steel  for  drifts 

1 16480 

■  •  ■ 

Kirkaldy. 

„       for  taps     .        .        .     . 

103040 

•  ■  • 

II 

„       for  tools 

134400 

•  ■  ■ 

yt 

Large  crank-shafts,  steeUcastings, 

not  forged 

92600 

a  •  • 

Large  crank-shafts,  steel-castings, 

not  forged 

72300 

•  ■  • 



Manganese-steel  .... 

64300 

•  •  ■ 

Mild  hoop-steel       .        .        -    . 

95000 

•  •  « 

II            II          .... 

82000 

•  ■  • 

II            II              .... 

74000 

•  •  • 

Bessemer-steel  tyres,  hammered  . 

78400 

•  ■  • 

Steel  Committee. 

,,              axies,         ,f           . 

74816 

•  »  * 

n 

rails,          „ 

74368 

fl  •  ■ 

it 

Crucible-steel  tyres,  hammered     . 

79520 

•  •  • 

II 

,y           axles,        „             . 

91616 

•  •  • 

II 
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Table  98  continued. — Breaking  Strength  of  Steel-Plates  and  Bars, 
AND  OF  Steel-Wire  in  lbs.  per  Square  Inch. 


Description. 

Tenacity  in  lbs.  per 
Square  Inch. 

Au  hority. 

Lengthway. 

Cross  way. 

Crucible-Steel  rails,  hammered 

Cast-steels  for  chisels       .        .     . 

Siemens-steel  plates,  not  annealed 

„                „         annealed 

„                „         annealed  and 

hardened          .... 

85430 
II8182 

69880 

64520 

64650 

... 

... 
69440 
64300 

•  •  • 

Steel  Committee. 

»> 
Kirkaldy. 

Description. 

Diameter. 
Inch. 

Tenacity  in  lbs.  per 
Square  Inch. 

Authority. 

Lengthway. 

Cross  way. 

Sleel  pianoforte-wire 

Steel-wire 

Steel-wire          .         .     . 

Steel-wire,  John  Fowler 

&  Co.'s  special   . 
Steel-wire,  John  Fowler 

&  Co.'s  special       .     . 
Steel-wire,  John  Fowler 

&  Co.'s  special   . 
Steel- wire,  John  Fowler 

&  Co.'s  special       .     . 

•035 
•019 

•030 
•093 
•132 
•159 
•191 

268800 
3584CO 
360416 

344960 

257600 

224000 

201600 

... 
... 
.  •  • 

•  a  . 
... 
... 

.  •  . 

Dr.  Percy. 
if 

Fowler's  special  steel-wire  is  hard,  tough,  and  rigid.  It  i^  used  for 
making  steel-wire-ropes  for  ploughing-tackle,  and  is  composed  of  '828  per 
cent,  of  carbon,  "587  per  cent,  manganese,  '143  per  cent,  silicon,  '009  per 
cent,  sulphur,  and  of  '030  per  cent,  of  copper. 

Table  99. — Breaking  Strength  of  Wrought-Iron  Bars  and  Plates, 
and  of  Iron-Wire  in  lbs.  per  Square  Inch. 


Desaiption; 

Tenacity  in  lbs.  per 
Square  Inch. 

Authority. 

Lengthway. 

Crossway. 

Iron-wire,  very  strong  . 

„          strong     .        .         .     . 
„          medium 

,,          Ai>eaik       •         .         .     • 
„          average 

114000 

lOOOOO 

86000 

71000 

80640 

Morin. 

Gordon. 

Telford. 

Morin. 

Barlow. 
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Table  99  continued, — Breaking  Strength  of  Wrought-Iron  Bvrs  and 
Plates,  and  of  Iron-Wire  in  lbs.  per  Square  Inch. 


Tenacity 

inlbt.  per 

Square  Inch. 

Description. 

Authority. 

Length  way. 

CroHway. 

Iron-wire,    Warrington,    not    an- 

nealed                 .        .        .     . 

80000 

•  i . 

Barlow. 

Iron-wire,  Warrington,  annealed  . 

53000 

.  •  • 

f) 

Good  wrought-iron  bars,  average . 

60000 

51000 

n 

„            „            plates,  average 

50000 

42000 

jy 

Wrought-iron     bars,     rolled     or 

forged,  mean  .... 

57550 

.  i  • 

Kirkaldy. 

Wrought-iron  bars,  Yorkshire  .     . 

66390 

.  •  a 

ji 

i>            >»            i»             • 

60075 

.  •  . 

n 

Rivet-iron,  Yorkshire  and  Stafford- 

shire  .        .        .        .        .     . 

59740 

... 

Fairbairn. 

Charcoal  bar-iron 

63620 

.  •  . 

«> 

Wrought-bars,  Staffordshire,  Lion 

Brand,  best,  best          .        .     . 

53760 

47000 

k 

Wrought-bars,  Staffordshire,  Lion 

Brand,  best,  best 

50000 

42600 

— 

Wrought-iron  bars,  Staffordshire, 

best,  best,  average        .        .     . 

52267 

45000 



Wrought-iron  bars,  Staffordshire  . 

62230 

«     «     ■ 

Kirkaldy. 

»            i>              >» 

56715 

•     ■      ■ 

If 

„            „    lancashire 

601 10 

•     ■      ■ 

)i 

>i            »            f> 

53775 

t    B    • 

)) 

„            „    Lanarkshire    . 

64795 

•     •     • 

}} 

>>            j>            >» 

51327 

•    ■     • 

)i 

„            „     Swedish 

48933 

•     ■     B 

}i 

>»            >>          »>          •     • 

41250 

•     ■     • 

}} 

„            „     Russian 

59096 

•     •     • 

1) 

>>            >,          >»           •     • 

49564 

•    •    B 

>> 

„            ,,     Staffordshire 

(S.  C.  Crown) 

65400 

■    •     • 

T.  Lloyd. 

„             „     Staffordshire 

(S.  C.  Crown) 

53530 

•    ■     • 

» 

Wrought-iron  boiler-plates,   Staf- 

fordshire   

43904 

37676 

Edwin  Clark. 

Wrought-iron  plates,  average  of  a 

large  number  of  tests    .        .     . 

45000 

38000 

— 

Wrought-iron    plates    for    steam- 

C  Board  of  Trade 
(     estimate. 

boilers      

47000 

40000 

Best  scrap  rivet-iron  |  inch  dia- 

meter .         .         .         .         .     . 

53760 

•     B    • 

1) 

Bushelled-iron  from  turnings 

55878 

•    B     • 

Kirkaldy. 

Hammered  scrap-iron     .        .     . 

53420 

•••                 1                      J» 

1 

1 
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Table  99  continued, — Breaking  Strength  of  Wrought-Iron  Bars  and 
Plates,  and  Forcings  in  lbs.  per  Square  Inch. 


Tenacity 

bibs,  per 

Sqiun 

B  Inch. 

DescriptioD. 

Authority. 

Lengthvray. 

Croasway. 

Wrought-iron  bars,  Staffordshire 

(S.  C.  Crown)  .... 

50400 

•  • . 

Steel  Committee. 

Wrought-iron  bars,  best  Yorkshire 

52200 

a  • 

>} 

„            „    Lowmoor  .    . 

55550 

•  •  I 

>i 

»            »            *i             • 

64750 

»  •  1 

»» 

Angle-iron  from  various  districts  . 

61260 

•  a  ■ 

Kirkaldy. 

»                 »                w                » 

50056 

.  a  1 

y» 

„        Cleveland       •        .     . 

51800 

.  •  1 

Wrought-iron  plates,  mean  . 

50737 

46I7I 

Kirkaldy. 

„             „      Lowmoor     . 

64200 

62490 

Fairbairn. 

„             „      Yorkshire     . 

58487 

55033 

Kirkaldy. 

>>             »»            j»            • 

52000 

46221 

») 

Wrought-iron    plates,    Yorkshire 

bridge-iron 

49930 

43940 

Fairbairn. 

Wrought-iron  bridge-plates,  Cleve- 

land       ..... 

52810 

41400 

— 

Wrought-iron  bridge-plates,  Cleve- 

land     

46860 

40000 

— 

Wrought-iron  plates,  ordinary  good 

St^Sordshire    .... 

56996 

5I25I 

Kirkaldy. 

Wrought-iron  plates,  ordinary  good 

Staffordshire        .        .        .     . 

46404 

44760 

)i 

Wrought-iron  plates,  Staffordshire 

best,  best         .... 

59820 

54820 

Fairbairn. 

Wrought-iron  plates,  Staffordshire 

uesi,  Desv     .         .         .         .     a 

49945 

46470 

>» 

Wrought-iron  plates,  Staffordshire 

Dest         •        •        •        •        • 

61280 

53820 

>• 

Wrought-iron  plates,  Staffordshire 

best,  best,  charcoal      .        .     . 

45010 

41420 

»9 

Wrought-iron  plates,  Staffordshire 

good  common .... 

52825 

50820 

>9 

Wrought-iron  plates,  Staffordshire 

bridge-iron 

47600 

44385 

»» 

Wrought-iron  plates,  T-ancashire  . 

48865 

45015 

•» 

„              „      I^narkshire 

53849 

48848 

Kirkaldy. 

}>              i»              >> 

43433 

39544 

>> 

„              „      Durham 

51245 

46712 

l> 

Pieces  cut  out  of  large  wrought^ 

ironforgings        .                 .     . 

47582 

44578 

J> 

Pieces  cut  out  of  large  wrought- 

iron  forgings    .... 

43759 

36824 

n 

4S8 


ic. 
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Table  99  continued. — ^Breaking  Strength  of  Wrought-Iron  Bars  and 
Plai*es,  and  of  Hoop-Iron  in  lbs.  per  Square  Inch. 


DcsaiptfoD. 

Tenacity  ia  lbs.  per 
Square  Inch. 

Authority. 

Leogthway. 

CroMway. 

Effects  of  cold-rolling,  black  bar 
Effects  of  cold-rolling,  black  bar 

turned 

Effects  of  cold-rolling,  black  bar 

cold  rolled       .... 
Effects  of  cold-rolling,  plate  cold- 

roUed  

Hoop-iron,  best,  best  . 

>»                i>             ... 
„         average 

58627 

60747 
88229 

II49I2 
64000 
53000 

48000 

1 

•  • « 

•  • . 
• . . 

... 

•  ■  • 
.  ■ . 
.  •  • 

Fairbairn. 

9> 

Description. 

Authority. 

Loss  of  strength  in  screwed  and  chased  bolts,  from 
7\  to  332  per  cent. 

Loss  of  strength  in  welded-joints,  from  15  to  30  per 
;      cent. 

Increase  of  strength  of  steel  by  hardening  in  oil,  1 2  to 
.      79  per  cent.  ........ 

1 

Kirkaldy. 

Table  100. — Ultimate  Tensile  and   Compressive  Strength   of  Cast- 
Iron  from  the  Experiments  of  Fairbairn,  Hodgkinson,  and  others. 


Description. 

I'enslle 

Strength  in 

lbs.  per 

Square  Inch. 

Compressive 
Strength  in 

lbs.  per 
Square  Inch. 

-  I 
Authority. 

Cast-iron,  No.  i  cold-blast  . 

>»                 if                   n                       •        • 

„       No.  I  hot-blast     . 

»>          >>            >»              •     • 
„       No.  2  cold-blast   . 

>>           ji            i»               •     • 
„           „      hot-blast     . 

>»           >>             >i               •     • 
,,       No.  3  cold-blast    . 

i>                it                   a                     •       • 

„          „      hot-blast 

»               a                  »>                     •       • 

12690 

17460 

13430 
16125 

13345 

18855 

13500 
1        17800 
'        14200 
15500 
15278 
23468 

56450 

80560 
72193 

88740 

68530 
102408 

82730 
102030 

76900 
I 15400 
IO183O 
104880 

C  Fairbairn    and 
(     Hodgkinson. 
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Table  loo  continued, — Ultimate  Tensile  and  Compressive  Strength 

OF  Cast-Iron. 

1 

Tensile 

Compressive 

Description. 

Strength  in 

lbs.  per 
Square  Inch. 

Strength  in 

lbs.  per 
Square  Inch. 

Authority. 

Toughened  cast-iron    . 

23460 

129870 

C  Fairbairn   and 
(     Hodgkinson. 

>i              .»»             ... 

25760 

"9457 

»i 

Cast-iron,  No.  3  hot-blast  after  first 

melting 

■  •  • 

98500 

>> 

Cast-iron,  No.   3   hot-blast  after 

twelfth  melting    .        ... 

•  •  • 

163740 

>> 

Cast-iron,  No.   3    hot-blast  after 

eighteenth  melting  . 

•  •  • 

I97I20 

»» 

Cast-iron,  weak       .        .        .     . 

13400 

320OO 

Hodgkinson. 

,1         average 

16500 

112000 

>> 

„         strong     .        .        .     . 

29000 

145000 

}) 

„         very  strong  . 

34000 

•  *  • 

Anderson.  . 

Pieces  cut  from  cast-iron  guns ")   . 
began  to  yield,  or  give  way  at  J   . 

.  •  • 

35000 

>» 

... 

40700 

)> 

Cast-iron,  mean  of  16  various  sorts, 

12  inches  high 

... 

85547 

Hodgkinson. 

Cast-iron,  Lowmoor,  No.  3  C.  B.  . 

14538 

■  •  • 

)} 

„         Devon,  No.  3  H.  B. 

21683 

•  •  • 

>> 

M         cold-blast    average    of 

various    . 

16845 

99232 

» 

„         hot-blast    average     of 

various       .        .     . 

15300 

102502 

» 

American  iron,  efiFect  of  re-mehing 

and  retaining  the  metal  in  a  state 

of  fusion  for  4  hours. — Pigs     . 

13440 

Major  Wade. 

ist  melting 

20870 

>> 

2nd      „          ..... 

24770 

>> 

3rd       „ 

26790 

>> 

4tn       ,,         .        .        .        .    . 

27888 

>> 

Samples  from  100  gun-heads 

33376 

n 

A  lot  of  pig-iron  in  the  crude  state 

12678 

}) 

Twenty-seven  ftuns  cast  from  this 

pig-iron,  3rd  melting   .        .     . 

35280" 

.  •  •  • 

>> 

Stirling's  metal,  a  mixture  of  cast- 

iron  and  wrought-iron,  average . 

24500 

125000 

Hodgkinson. 

Cast-iron  average  strength  of  good 

15680 

107520 

„        medium  quality         .     . 

13440 

94080 

A  Test-Bar  of  good  Cast-iron,  3  feet  6  inches  long  and  2  inches  by 
I  inch  in  section,  placed  edgeways  upon  supports  3  feet  apart,  should  not  break 
with  a  less  weight  than  30  cwts.  gradually  applied  in  the  middle  of  the  bar. 


46o 
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Table  loi. — Breaking  Strength  of  Metals  and  Alloys  in  lbs.  per 

Square  Inch. 


Tensile 

Compressive 

Description. 

Strength  io 
lbs.  per 

Strength  in 
lbs.  per 

Aathority. 

Square  Inch. 

Square  Inch. 

Aluminium-bronze           )    . 

90  copper  10  aluminium  )       .     . 

73185 

132000 

Anderson. 

96320 

•  • . 

ft 

Tin,  cast 

4600 

•  •  a 

Rennie. 

^inCy  ,1           •         •        •        •     • 

6900 

... 

— 

^1    sheet  ..... 

6100 

.  •  . 

-^ 

Lead,  cast 

1814 

... 

Rennie. 

,f    sheet          .... 

1920 

... 

— 

„    pipe 

2240 

.    B    • 

Jardine. 
Rennie. 

Brass  

17920 

10300 

Brass,  fine,  2  copper :  i  zinc   .     . 

28900 

... 

Anderson. 

„     7  copper :  3^  zinc 

28940 

... 

>9 

Alloy  of  copper  10  :  iron  10  :  zinc 

80  parts 

6988 

... 

it 

Gun-metal  or  bronze  12  parts  cop- 

per :  I  part  tin          ... 
Gun-metal  or  bronze  1 1  parts  cop- 

29000 

... 

t* 

per  :  I  part  tin    .                 .     . 

30700 

... 

»» 

Gun-metal  or  bronze  10  parts  cop- 

per :  I  part  tin         ... 

33000 

■  •   * 

tt 

Gun-metal  or  bronze  9  parts  cop- 

per :  I  part  tin    . 
Gun-metal  or  bronze  8  parts  cop- 

38000 

... 

tt 

per  :  I  part  tin         ... 

36000 

•  .  • 

Gordon. 

Gun-metal  or  bronze  6  parts  cop- 

per :  I  part  tin     . 

43800 

... 

— 

Gun-metal,    average    strength   of 

good  bronze     .... 

33000 

.    •  • 

Anderson. 

Gun-metal  from  American  guns  . 

23900 

... 

.Alajor  Wade. 

>i          >>            }»            1} 

35480 

.    •    V 

>» 

Phosphor-bronze 

56000 

.    B    • 

Muntz-metal 

49300 

.    •    • 

Austrian  sterro-metal    . 

59900 

.    •    . 

Major  Wade. 

Sterro-metal,  copper  60,  zinc  39  ) 
Tin  i'5  :  iron  3,  cast  in  sand       ) 

43120 

.    •    . 

It 

48160 

«   •    • 

It 

Sterro-metal,  copper  60,  zinc  35, 

tin  2,  iron  3          .... 

85120 

.    •    . 

tt 

Copper,  wrought 

33600 

.    B    • 

it 

,,       casi   •         a         *         •     • 

19000 

•    •    . 

it 

i>         >i           ... 

26000 

•    B    B 

it 

„      bolts  .        .        .        .    . 

33000 

•    «    B 

it 

1,            i>aSL               .... 

19000 

•    ■    B 

Rennie. 

„      sheet,  rolled       .        .     . 

30000 

BIB 
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Table  loi  continued, — Breaking  Strength  of  Metals  and  Allots  in 

LBS.  PER  Square  Inch. 


Tensile 

Compressive 

Descnption. 

Streogth  in  '  Strength  in 
lbs.  per      1      lbs.  per 

Authority. 

f 

Square  Inch.  Square  Inch. 

Copper,  sheet,  hammered        .     . 

33600 

Rennie. 

„        bolts      .... 

36OCXD 

•  •  1 

Fairbairn. 

y  y                           Yl\  16       .                           .                           •                           .              . 

60000 

t  •  • 

Anderson. 

tf                                      l>                           •                           •                           •                           • 

64200 

•  •  ■ 

Kirkaldy. 

Phosphor-bronze  wire      .        .     . 

I47II3 

■  •  • 

>> 

Platinum-wire,  hard 

265000 

1  Wertheim. 

Coleford  gun-metal,  strongest  .     . 

160540 

Fairbairn. 

„             „         mean    of    10 

sorts        ..... 

137340 

■  •  ■ 

it 

Gold,  pure 

1 

40320 

•  •  ■ 



A  Test-Bar  of  Good  Tough  Gnn-Xetal,  i  inch  square  and  1 5  inches 
long,  placed  upon  supports  12  inches  apart,  should  not  break  with  less  than 
four  blows  from  a  monkey  of  50  lbs.  weight  dropped  from  a  height  of  5  feet, 
which  will  cause  a  permanent  deflection  of  from  2^  inches  to  3  inches. 

Table  102. — ^Tensile  Strength  and  Resistance  to  Torsion  of  Various 
Wires,  the  Results  of  Experiments  by  Mr.  Kirkaldy. 


Deficription  of  Wire. 


Phosphor-bronze 


>> 

99 

if 
ft 
9t 

it 


1> 
9t 
tt 
ft 
tt 
ft 


Copper    . 
Brass  . 
Steel,  ordinary 
Iron,  galvanized, 

best  C. 
Iron,    galvanized,    best 

Charcoal  £. 


best- 


PuLLiNC  Strbss,  Wire  as  Drawn. 


Dia. 
meter. 


Inch. 
•0655 

0640 
'060O 
•0610 
•0505 
•0585 
'O64O 
•0640 
•0605 
•0600 

•0580 

•0580 


Area. 


Sq.  Inch. 
•003367 
•003216 
•002827 
'OO2922 
•002778 
•002655 
•003216 
•003216 
•002871 
•002827 

•002643 

•002643 


Stress. 


T«-«'-  ''"i^sr 


Ibtt. 
340 

389 
352 

379 
336 

395 

513 

203 

233 
342 

170 
174 


lbs. 
100980 
120957 

I24313 

129705 

120950 

I47II3 

I59515 
63122 

81156 

120976 

64321 
65834 


Twists  in  5  In. 

As 

Drawn. 

An- 
nealed. 

Mean  of 
Three. 

Mean 

of 
Three. 

TwUts. 

TwLsts. 

5-0 

91 

22*3 

7-0 
8-3 

52 
87 
98 

13-0 

124 

7'5 

i3'3 

86-7 

97 

66 
96 

147 

57 

22^4 

79 

26^0 

44 

48-0 

87 

4^2 
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Table  103. — ^Tensile  Strength  and  Conductivity  of  Silicium-Bronze 
AND  Phosphor-Bronze  Wire,  for  Electric  Appliances,  Ropes,  &c. 


Description  of  Wire. 


Silicium-bronze  telegraph  and  electric-light) 
wire.     High  conductivity  .         .         .         . ) 

Silicium-bronze  telephone-line  wire  for  long  ) 
distances ) 

Silicium-bronze  telephone  (local)  and  spring-  ) 
wire ) 

Phosphor-bronze  wire 


Ten«Ie 
Strength  in 

Tons  per 
Square  inch. 


From 

29 

45 

50 
40 


to 

33 
65 


Conductivity 
per  Cent. 


From 
90 

34 

20 
20 


to 

96 

40 

30 
30 


Table  104. — ^Tensile  Strength,  Electrical  Resistance  and  Relative 
Conductivity  of  Various  Wires,  the  Diameter  in  each  case 
BEING  One  Millimetre= -03937  Inch. 


Description  of  Wire. 


Pure  copper    . 
Silicium-bronze  (telegraph) 
Silicium-bronze  (telephone) 
Phosphor-bronze  (telephone) 
Swedish  galvanized-iron  . 
Galvanized  Bessemer-steel  . 
Siemens-Martin  steel 


Tensile 

Strength  in 

'Ions  per 

Square  Inch. 

Resistance 
per  mile 
in  Ohms. 

331 

345 
103 

124 

216 

249 
266 

Relative 

Conduc* 

tivity. 

1778 

28-57 
48-25 

4571 
22*86 

2540 

26-67 

100 

96 

34 
26 

16 

13 
12 

Table  105. — Breaking  Strength  of  Timber  from  the  Experiments  of 

Bevan,  Hodgkinson,  Fowke,  and  others. 


Description. 

Tensile 
Strength  in 

lbs.  per 
Square  Inch. 

Compressive 
Strength  in 

lbs.  per 
Square  Inch. 

• 

Authority. 

Abele,  European 

Acacia       „            .... 

African  oak,  teak 

Alder,  European     .        .        .     . 

Apple-tree,  European  . 

Ash,  English 

7200 

16000 

6730 

I4180 

19500 

3640 

5120 

.  •  • 
5270 
6895 

6500 

2974 

C  Bevan  and 
(     Hodgkinson. 
Bevan. 

(  Bevan  and 
(     Hodgkinson 

ft 
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Table  105  continued, — Breaking  Strength  of  Timber. 


Description. 


Ash,  European 

Aspen    .... 

Bamboo,  Southern  Asia 

Baracara 

Bartaballe   . 

Baywood,  Newfoundland 

Beech 

Birch      .... 

„     American  black  . 
Bitter-wood,  West  Indian 
Blue-Mahoe         „ 
Blue-gum,  Australian 

Box.  European 

„     Australian 
Broadleaf,  West  Indian 
Brown-ebony,  Guianaian 
Buckati 
Buhuradda 
Bullet-tree,  West  Indian 

bastard  ,, 

red 

Cabacalli,  Guianaian 
Cabbage-bark,  West  Indian 
Calabash 


>i 


Cedar  of  Lebanon,  North  African 

Chestnut,  European 
Chow,  West  Indian 
Cogwood,  West  Indian 
Crab-tree,  English 
Cypress,  European  . 
Dantzic-fir 
Deal 

Dogwood,  West  Indian 
Ducaliballi,  Guianaian 
Ebony,  West  Indian     . 
Elder,  European 
Elm,  English 

„    European 


Tensile 
Strength  in 

lbs.  per 
Square  Inch. 

Compressive 

Strength  in 

lbs.  per 

Square  Inch. 

17000 

9000 

IO180 
6300 

•  •  • 
2800 

•  ■  • 

•  •  • 

8818 
8818 
6000 

11500 

9360 

I5IOO 

•     •    «      * 

6402 
II 660 

•    B     ■ 

5510 
8820 
8820 

20000 

10300 

8820 

7720 
12566 

9920 
1 2120 

14330 
1 1020 

9920 
9920 
9920 

5510 

II4OO 

5860 

10500 
6780 

•    •    ■ 

19800 
6000 

■  •  « 

I2IOO 

I2I20 

6980 

... 

3400 

lOOOO 

•  •  ■ 

3000 

5000 

1 1020 

•  •  • 

•  •  • 

10230 
5200 

13220 

18960 
8466 

... 

144 

00 

10330 

Authority. 


(  Bevan  and 
\     Hodgkinson. 

Bevan. 
Fowke. 

)) 

C  Bevan  and 
(     Hodgkinson. 
Hodgkinson. 


>» 


Fov.ke. 


{ 


>> 


>» 


Bevan  and 
Hodgkinson. 
Fowke. 

>» 

>» 
9i 
>i 
i» 
»i 
»» 

»> 
C  Bevan  and 
(     Hodgkinson. 
Bevan. 

Fowke. 


Fowke. 


ly 


>» 


Hodgkinson. 

C  Bevan  and 
(     Hodgkinsor. 
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Table  105  continued. — Breaking  Strength  of  Timber. 

Teiinl« 

CoinpreisiTC 

Deicripiioa. 

Strength  ia 
Ibcpv 

Strragthin 
Ibcper 

Authority. 

Square  loch. 

Square  Inch. 

Fiddle-wood,  West  Indian   . 

•  ■  • 

6610 

Fowke. 

Fir,  red-pine,  Norway     .        .    . 

14300 

5375 

C  Bevan  and 
\    Hodgkinson. 

„   Norway  spruce 

12400 

•  •  • 

Bevan. 

„   American  pitch-pine         .    . 

7800 

•  •  • 

„   larch,  Northern  Europe 

lOOOO 

5500 

French  oak 

7700 

8000 

— 

Fustic,  West  Indian     . 

•  ■  • 

12120 

Fowke. 

Greenheart,  yellow,  Guianaian 

8000 

12120 

»» 

black 

•  •  • 

15430 

i» 

Hawthorn,  European       .        .     . 

10500 

... 

Bevan. 

Hazel               „          .        .        . 

18000 

... 

19 

Hickory,  Australian         .        .     . 

.   •  •  • 

7050 

Fowke. 

Holly,  European 

16000 

.  • . 

Bevan. 

Hornbeam   ,,                  .        .     . 

20240 

8500 

C  Bevan  and 
)      others. 

Iron-bark,  Australian  . 

•  ■  ■ 

9920 

Fowke. 

, ,         rough-leaved,  Australian 

■  ■  • 

13220 

i> 

Ironwood,  West  Indian 

•  •  • 

17630 

fi 

Kakaralli,  Brazilian         .        .     . 

•  <  • 

13220 

ij 

Kauri,  New  Zealand    . 

3900 

1 1000 

Laburnum,  European      .        .     . 

10500 

• .  • 

Bevan. 

Lancewood,  West  Indian     . 

23400 

6610 

C  Bevan  and 
(     Fowke. 

Letterwood          „ 

.  •  . 

14100 

Fowke. 

Lignumvitse         „ 

1 1 780 

9860 

— 

Lime-tree,  European       .        .     . 

23500 

•  ■  • 

Bevan. 

Locust,  North  American 

16000 

•  •  9 

9t 

Mahogany,  Spanish,  West  Indian 

21000 

8198 

C  Bevan  and 
\     Hodgkinson. 

„         Honduras,     Central ) 
America         .       ) 

2800 

6000 

^                      ^j 

Maple 

5100 

... 

Mora 

•  •  ■ 

9920 

Fowke. 

Mountain-Ash,  Australian        .     . 

•  •  • 

IIOIO 

1} 

Oak,  British,  average   . 

lOOOO 

10055 

C  Bevan  and 
X     Hodgkinson. 

„       very  strong          .     . 

19800 

•  •  • 

Bevan. 

„     Dantzic       .... 

12650 

7650 

„    red.  North  American       .    . 

lOOOO 

5800 

-i— 

Orange-tree,  wild,  West  Indian    . 

.  •  • 

13230 

Fowke. 

Pear-tree,  European     . 

13000 

... 

Bevan. 

Pine,  pitch,  European      .        .    . 

3970 

6000 
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Table  105  continued, — Breaking  Strength  of  Timber. 


Tensile 

Compressive 

DescripdoD. 

Streogthin 
lbs.  per 

Strength  in 
lbs.  per  ^ 

Authority. 

Square  Indi. 

Square  Inch. 

Pine,  yellow,  European 

2340 

3860 

— . 

Plane,  occidental.  North  American 

1 1700 

•  • . 

Be  van. 

„     common,  European       .    . 

a  .  • 

... 

— 

Plum-tree        „           ... 

I  1300 

9300 

— 

Poplar             n      .        .        .    . 

7200 

5124 

C  Bevan  and 
(     Hodgkinson. 

Quassia,  West  Indian  . 

... 

5510 

Fowke. 

Rock-elm,  American       .        .     . 

8700 

8200 

— 

Sabicu,  West  Indian    . 

4080 

7965 

Satin-wood,  West  Indian         .     . 

•   •    • 

12560 

Fowke. 

Saul,  Asian          .... 

0640 

... 

— 

Silverballi,  Guianaian      .        .     . 

... 

7716 

Fowke. 

Small-leaf,  West  Indian 

... 

15430 

» 

Snakewood        „             .        .     . 

.  •  • 

14000 

Spruce 

3820 

... 

— 

Sweetwood,  West  Indian         .    . 

•   •   • 

0920 

Fowke. 

Sycamore,  European    . 

•   •   • 

•  •  • 

— 

Teak,  South-Eastern  Asian      .     . 

15000 

I2IOO 

C  Bevan  and 
\     Hodgkinson. 

Wallaba,  Guianaian     . 

... 

6614 

Fowke. 

Walnut,  Western  Asian   .         .     . 

8000 

6600 

— 

Water-gum,  Australian 

... 

1 1020 

Fowke. 

White-cedar,  Guianaian  .        .     . 

... 

9920 

19 

Willow,  European 

.  •  • 

... 

Yellow-sanders,  West  Indian  .     . 

... 

6614 

Fowke. 

Yew,  European   .... 

8000 

»•• 

Bevan. 

Table  106. — Specific  Gravity  of  Timber. 


Specific 

Specific 

Description. 

Gravity. 

Detcriptioo. 

Gravity. 

Water  =  1. 

Water  «  x. 

Abele   .... 

•515 

Beech       .        .        .     . 

•687 

Acacia      .        .        .     . 

710 

Birch    .... 

•710 

African  oak  . 

•985 

„     Canadian        .     . 

•603 

Alder       .        .        .     . 

•558 

Bitterwood    . 

•557 

Apple-tree    . 

790 

Blackbutt,  Australian     . 

•780 

Ash          •        .        .     . 

755 

Blue-gum         .        .     . 

•910 

Aspen  .... 

•600 

Blue-mahoe  . 

•535 

Bamboo   .        .        .    . 

•400 

Box          .        .        .     . 

•963 

Baracara 

•808 

Broadleaf 

•770 

Bartaballi          .        .    . 

'642 

Brown-ebony(Guianaian) 

1030 

Baywood 

•560 

Buckati    .        .        •    • 

•810 

H  H 
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Table  io6  continued, — Specific  Gravity  of  Timber. 


Specific 

Specific 

DtKription. 

Gravity. 

Dticnption. 

Gimvky. 

Watar>=t. 

Waters  I. 

Buhuradda    . 

•815 

Locust                      .     . 

710 

Bulleutree        .        .    . 

1*027 

Mahogany,  Spanish 

•850 

Cabacalli 

•890 

Maire,  black             .     . 

i'i6o 

Cabbage-bark  . 

•943 

Manuka,  New  Zealand  . 

•944 

Calabash 

•555 

Maple 

•670 

Cedar  of  Lebanon    .     . 

•487 

Mora    .... 

•920 

,»     Canadian    . 

•400 

Moreton-Bay   or   hoop- 

Cherry-tree       .        .     . 

700 

pine      .                .    . 

•470 

Chestnut 

•535 

Mountain-ash,  Australian 

1*070 

Chow       .        ... 

I' IIO 

Mulberry .         .         .     . 

•870 

Cogwood 

•960 

Oak,  British,  average     . 

•935 

Cowrie,  New  Zealand    . 

•580 

Olive-tree          .        .     . 

•690 

Crab-tree 

•8cx) 

Orange,wild,West  Indian 

•890 

Cypress    .        .        .     . 

•658 

Pear-tree 

•690 

Dantzic-fir    . 

•590 

Pine,  pitch        .        .     . 

•663 

Deal,  white               .     . 

•460 

„     red       .        .        . 

•655 

„     yellow 

•550 

„     white,  Canadian    . 

•446 

Dogwood          .        .     . 

•935 

Plane       .        .        .     . 

'642 

Ducaliballi    . 

•907 

Plum-tree 

780 

Ebony,  West  Indian  .     . 

1190 

Poplar      .         .        .     . 

•515 

Elder    •        .        .        . 

•700 

Quassia 

•557 

Elm         .        .        .     . 

•550 

Rata,  ironwood          .     . 

I  "046 

Fiddle-wood 

•710 

Rimu,    red  -  pine.    New 

Fir,  red  pine     .        .     . 

•680 

Zealand     . 

•564 

„    American  pitch-pine 

•700 

Rock-elm          .        .     . 

750 

„    red,  Canadian    .     . 

•546 

Sabicu  .... 

-912 

„    larch 

•5.^0 

Saul          .        .        .     . 

•950 

Flooded-gum    .        .     . 

•68o 

Silverballi 

•550 

Fustic  .        .        .        . 

•960 

Small-leaf,  West  Indian 

1-165 

Greenheart,  yellow    .    . 

1-050 

Spruce     .        .        .    . 

•482 

Hawthorn     . 

•912 

„      Canadian  . 

•416 

Hazel       .        .        .     . 

•863 

Stringy-bark,  Australian 

•860 

Hemlock,  Canadian 

•504 

Sweet-wood      .        .    . 

•968 

Hickory   .        .        .     . 

•750 

Sycamore 

•595 

Holly    .... 

760 

Tallow-wood,  Australian 

•790 

Hornbeam        .        .     . 

765 

Teak,  Indian 

770 

Iron-bark 

1030 

„     African  .        .     . 

•985 

Iron-wood         .         .     . 

•985 

Totara,  New  Zealand     . 

•560 

Kauri   .        .         .         . 

'557 

Wallaba   .        .        .     . 

1-030 

Kowhai,  New  Zealand  . 

•885 

Walnut 

•675 

laburnum 

•924 

Water-gum               .    . 

•998 

Lancewood       .        .    . 

•950 

White-cedar . 

•510 

Letterwood    . 

•994 

Willow     .... 

•400 

Lignumvitae       .         .     . 

1327 

Yellow-Sanders,  W.  Ind. 

•865 

Lime-tree 

765 

Yew         .        ... 

•800 
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Table   107. — Specific   Gravity   of   Cast-iron,  Wrought-iron,  Steel, 
Bronze,  Brass,  Tin,  Lead,  Zinc,  and  Other  Metals. 


Specific 

Specific 

DescriptioD. 

Gravity. 

Descriptioo. 

Gravity. 

Water  ax. 

Waters  I. 

Lithium 

•58 

Alloy,  copper  i,  tin  i    • 

8-00 

Potassium         .        .     . 

•84 

Manganese       .        .    . 

8-04 

Sodium 

•95 

Pure  iron  by  electro-de- 

Rubidium        .        .     . 

1-50 

posit  (Dr.  Percy) 

8-14 

Calcium 

i-6o 

Bell-metal  (small  bells) . 

7-50 

Magnesium      .        .    . 

175 

White-metal . 

774 

Glucinum     . 

2-15 

Muntz-metal     .        .     . 

8-22 

Strontium         .        .     . 

2-50 

Yellow  brass 

8*33 

Aluminium,  cast   . 

260 

Alloy,  copper  2,  zinc  i  . 

8*34 

„          wrought     . 

270 

Brass,  cast,  good       .     . 

8-40 

Titanium 

5*35 

Brass-wire     . 

8-55 

Arsenic    .        .        .    . 

5-84 

Cobalt      .... 

8-55 

Chromium    . 

606 

Nickel,  cast  . 

8-30 

Tellurium         .        .    . 

6*15 

„      hammered    .    . 

870 

Antimony 

676 

Ruthenium    . 

8*64 

ZinCy  cast         .        .     . 

6*90 

Gun-metal        .        .     . 

8-65 

„     sheet    . 

7-20 

Bronze 

878 

Alloy,  tin  3,  zinc  i    .     . 

7*22 

Copper,  cast     .        .     . 

870 

Cast-iron,  weak     . 

6-95 

„       sheet 

8-8o 

„        average     .     . 

7*12 

„      hammered  bars 

8-88 

strong   . 

7'3o 

„       wire 

8-92 

„        white         .     . 

7-50 

Molybdenum    .        .     . 

8-66 

Pewter  .... 

7'32 

Cadmium 

874 

Tin 

7'40 

Bismuth  .        .        .     . 

9-86 

Speculum-metal    . 

7'45 

Osmium 

lOIO 

Aluminium-bronze    .     . 

7-67 

Alloy,  copper  i,  lead  1  . 

10-35 

Wrought-iron,   common 

Silver,  cast        .        .     . 

10*48 

bars      .        .        .     . 

7-50 

,,     hammered  . 

10-58 

Wrought-iron,    puddled 

„     wire       .        .     . 

10*65 

slab  .... 

7-56 

Rhodium 

IO-68 

Wrought-iron  rails    .    . 

7'6o 

Lead,  cast        .        .    . 

11-30 

„           bars,  aver- 

„    pipe    . 

11-36 

age  good  . 

770 

„     sheet      .        .     . 

11*42 

Wrought-iron,  Lowmoor 

7-80 

Palladium     . 

11*87 

Steel,  common 

7-30 

Thallium                  .    . 

I2-00 

„     blister     •        .     . 

7-80 

Mercury 

13-58 

„     compressed . 

7-84 

Tungsten          .        .     . 

17*70 

„     Bessemer        .    . 

7-85 

Uranium 

18-50 

„     Siemens-Martin   . 

7-85 

Iridium     .         .        .     . 

1875 

„     crucible 

786 

Gold,  cast     . 

1925 

„     cast        • 

7-86 

„     hammered       .     . 

i9'37 

Homogeneous  metal 

7.89 

Platinum       * 

2100 

H  H  a 
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Table  io8. — Specific  Gravity  of  various  Materiai^  and  Liquids. 


DocripcioQ. 


Red  iron-ore 
Magnetic  iron-ore     . 
Basalt  .        .       2*47  ^o 
Granite    • 
Mica    . 
Puziolano 
Limestone    . 
Slate 

White  Parian-marble 
Green-marble  . 
White  Carrara-marble 
Fiorentine">marble     . 
Jasper  . 
Alabaster 
Plate-glass    . 
Pure  rock-cr>'Stal 
Quartz  . 
Purbeck-stone  . 
Flint     . 
Portland-stone  . 
Chalk  . 
Crown-glass 
Paving  quartz 
Yorkshire  paving-stone 
Common  glass 
Lias 

Rock-salt 
Bath-stone 
Graphite 
Sandstone 
Potash  . 
Sulphur    . 
Clay 
Ivory 

Common  salt,  solid 
Sand,  pure    . 
Tiles 

Stone,  mean  of  various 
Brick 

Brickwork     . 
Mortar 
Lancashire    coal,    Ince 
Hall  Py 


Specific 

Gravity. 

Water  ex. 


5*21 

5*cx) 
3 -co 
3-05 
3-85 
3*84 

2-84 
283 
283 
275 

273 

2*50 

275 
275 
270 
2*66 
2*65 
2 '60 
2-59 
2-58 

2*55 
2-50 

2*50 

2-47 

245 
2*40 

2*22 

2'20 
2'l6 
2*12 
2 -08 
2*00 

i'9i 
191 
1*90 
1*90 
1-84 

2 'GO 

2*CX5 
177 
170 

I '34 


>» 


fl 


» 


ft 


tf 


ft 


l> 


Lancashire    coal.    Hay- 
dock     Rushy 
Park         .    . 
Wigan  cannel  . 
Wigan  4  feet    . 
Newcastle   coals,   West 
Hartley  main 
Broomhill    .     . 
Derbyshire  coal,  Staveley 
„  Parkgate 

Welsh  coal,  Merthyr 

Ebbw   Vale 
Watney's 
anthracite 
Scotch  coal,  Eglington  . 
Dalkeith     . 
Kilmarnock 
Patent  coal,  Warlich's    . 
Livingstone's 
Wylam's 
Average  of  a  number  of 
samples  of  Forest  of 
Dean  coal 
Average  of  a  number  of 
coals  from  various  dis- 
tricts    . 
Mud-deposit  from  har- 
bour 
Plaster,  cast 
Wine    . 
Resin-oil  . 
Castor-oil 
Wax 

Gunpowder 
Whalebone 
Ice 

Linseed-oil 
Sweet  almond-oil 
Cotton-seed  oil 
Whale-oil 
Lard-oil    . 
Neatsfoot-oil 
Nut-oil     . 


Spedfic 

Gravity. 

Water  »x. 


1*32 
1*23 
V20 

I '30 
1*25 
1*27 
1*30 
I '30 
1*27 

i'39 
1*25 

I'27 

1*24 
1-15 
ri4 

I'lO 


1*29 


1*31 

1-50 

I'29 

•99 

•98 

•96 

•95 
•94 
•94 
•93 
•93 

93 
'93 

'92 

•91 

•91 

•91 
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Table  108  continued, — Specific  Gravity  of  various  Materials  and 

Liquids. 


Description. 


Olive-oil 
Rape-seed  oil 
Petroleum 
Sperm-oil 
Naphtha 
Benzine    . 
Wood-spirit 
Coke,  hard 
Peat,  hartl 
,,     soft . 
Wood-charcoal 
Water  of  the  Baltic   . 
Water  of  the  Dead  Sea 
Milk 
Cider    . 


Spedfic 

Gravity. 

Water  =»  i. 


•91 
•89 

•88 
•85 

•83 

•80 

•90 
•80 
•50 

•24 

roi5 

1*24 

1-032 
roi8 


Description. 


Sea-water,  ordinary   . 

Nitric-acid    . 

Sulphuric-acid  . 

Muriatic-acid 

Bromine  . 

Fluoric-acid  . 

Citric-acid 

Essential  oil  of  cinnamon 
of  lavender 
of  turpentine 
„         of  amber 

Alcohol 

Ether,  nitric 

Proof  spirit   . 

Vinegar    . 


>f 


)> 


Specific 

Gravity, 

Water  =  i. 


I  02  6 

1*271 
1*840 
I '200 
2-970 
I -060 

1-034 
1043 

•894 
•870 

•868 

•835 
•908 

•922 

1*009 


Table  109. — Specific  Gravity  of  Gases  and  Vapours  at  32°  Fahr. 

under  One  Atmosphere  of  Pressure. 


Description. 


Vapour  mercury,  ideal 
Vapour  of  bromine  . 
Chloroform  . 
Vapour  of  turpentine 
Hydriodic-acid  gas 
Acetic-ether 
Vapour  of  benzine 
Vapour     of     sulphuric 

ether 
Vapour  of  ether 
Chlorine-acid  gas . 
Sulphurous-acid  gas 
Cyanogen 
Alcohol    . 


Specific 
Gravity. 
Air  =  I. 


6*974 

5*542 
5-297 

4-694 
4'340 

3  "000 

2*695 

2*579 

2'557 
2-500 

2-500 

1*805 

1-613 


Description. 


Carbonic-acid  gas 
Nitrous-oxide  gas . 
Oxygen    . 
Air 

Nitrogen  . 
Carbonic-oxide 
Olefiant-gas 
Prussic-acid  gas    . 
Steam  of  water . 
Ammoniacal-gas  . 
Light    carburetted 
drogen 
Coal-gas  . 
Hydrogen" 


hy- 


Specific 
Gravity. 
Air  =  X. 


1-527 
1-527 
I -106 

i-ooo 

•974 
•968 
•967 

•937 

•623 

•590 

'553 
•438 
'069 


The  Specifio  OvaTity  of  a  Body  may  be  found  by  dividing  the  weight 
in  lbs.  of  a  cubic  foot  of  the  body  by  62*355,  the  weight  in  lbs.  of  a  cubic 
foot  of  pure  water  at  62®  Fahr. 

The  Specifio  OvaTity  of  a  Solid  Body  heaTier  than  Water,  may 

be  found  by  weighing  it  in  the  air,  and  again  immersed  in  pure  water  at 
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62°  Fahr.,  and  dividing  the  weight  in  the  air  by  its  buoyancy,  or  the  loss  of 
weight  when  immersed  in  the  water.    The  quotient  is  the  specific  gravity. 

Tha  Sptoifio  Ovavi^  of  a  Solid  Body  lightor  than  Water  may 
be  found  as  follows : — ^Weigh  the  body  in  the  air,  then  load  it  with  a  body 
heavier  than  water,  and  large  enough  to  sink  the  light  body,  and  weigh 
them  together  in  water ;  also  weigh  the  heavy  body  separately  in  air  and  in 
water.  Subtract  the  buoyancy  of  the  heavy  body  from  that  of  the  two  bodies 
together,  the  remainder  will  be  the  buoyancy  of  the  light  body  singly,  by  which 
its  weight  in  air  is  to  be  divided.    The  quotient  is  the  specific  gravity. 

The  Speoifle  Qr9,vitj  of  a  Solid  Body  whieh  ia  soluble  in 
Water  may  be  found  as  follows : — Weigh  it  in  a  liquid  in  which  it  is  not 
soluble,  divide  its  weight  in  air  by  the  loss  of  weight  in  the  liquid,  and 
multiply  the  quotient  by  the  specific  gravity  of  the  liquid.  The  product  is 
the  specific  gravity  required. 

The  Speeifio  Gravity  of  a  Liq[iiid  may  be  found  approximately  as 
follows : — Weigh  a  solid  body  in  the  given  liquid,  also  in  air  and  in  water, 
divide  the  buoyancy,  or  loss  of  weight  in  the  liquid,  by  the  buoyancy  or  loss 
of  weight  in  water.    The  quotient  is  the  specific  gravity. 

The  Weight  of  a  Culiio  Foot  of  a  Body  may  be  found  by  multi- 
plying its  specific  gravity  by  6 2 3 5  5. 

Table  no. — Weight  in  lbs.  of  One  Cubic  Foot  of  various  Metals. 


DeMriptkiw 


Weight  of 

One 
Cubic  Fooc 


Uthittm 

Potassium 

Sodium 

Rubidium 

Calcium 

Magnesium 

Glucirum 

Strontium 

Aluminium,  cast    . 

„  wrought 

Titanium 
Arsenic     . 
Chromium    . 
Tellurium 
Antimony 
Zinc,  cast 

,,     sheet 
Cast-iron  . 
Pewter  . 
Tin  . 

Speculum-metal  . 
Aluminium-bronze 
Wrought-iron 


lbs. 

54 

61 

94 

99 
109 

130 

159 

159 

168 

332 
362 

376 

380 
420 
428 
450 
450 

454 
456 

464 

480 

480 


Description. 


Steel-plates 
Steel,  average 
Homogeneous  metal 
Manganese 
Pure  iron,  by  electro  de- 
posit (Dr.  Percy)  . 
Bell-metal  (small  bells) 
White-metal 
Muntz-metal 
Yellow  brass    . 
Brass,  cast    . 
Brass-wire 
Cobalt  . 
Nickel,  cast 

„      hammered 
Ruthenium 
Gun-metal    . 
Bronze 
Copper,  cast 

sheet  .    '    . 

hammered  bars 

wire 
Molybdenum    . 


ft 


tf 


>i 


Weight  of 

One 
Cubic  Fooc 


lbs. 
489 
490 
492 
498 

S08 
509 

512 
520 

527 

531 

532 

515 
540 

535 
540 

545 
538 
548 

555 
554 

535 
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Table  no  cont, — ^Weight  in  lbs.  of  One  Cubic  Foot  of  various  Metals. 


Description. 

Weight  of 

One 
Cubic  Foot. 

Description. 

Weight  of 

One 
Cubic  Foot, 

Cadmium 

Bismuth   .        .        .     . 

Osmium 

Type-metal       .        .     . 

Silver,  cast    . 

„      standard.        .     . 

„      hammered  . 
Rhodium .         .         .     . 
Lead     .         .         .         . 
Palladium         .        .     . 

lbs. 

542 

617 

624 

654 

656 

658-4 
660 

661 

708 

736 

Thallinum    . 
Mercury,  fluid  .        .     . 

„        solid 
Tungsten.        .        .     . 
Uranium 
Iridium    . 
Gold,  standard 
Gold        .        .        .     . 
Gold,  hammered  . 
Platinum  .        .        .     . 

lbs. 

743 

848 

977 
1096 

1 146 

1 166 

II02'9 

1203 

I2IO 
1340 

^iumfwitmi  is  a  remarkably  light  metal,  its  specific  gravity  being  only 
about  one-third  that  of  steel.  It  is  not  liable  to  rust,  and  it  is  next  to  gold 
in  hardness  and  malleability,  and  next  to  wrought-iron  in  ductility  Rolled 
sheet-aluminium  *ooi  inch  in  thickness  is,  for  decorative  purposes,  beaten 
into  leaves  nearly  as  thin  as  gold-leaf.  One  pound  of  aluminium  may  be 
drawn  into  1,133,400  feet  of  wire  of  'ooi  inch  diameter.  The  addition  of  a 
small  Quantity  of  aluminium  to  gun-metal  and  steel,  greatly  increases  their 
strength. 


Table  11 1. — Weight  1 

[N  LBS.  OF  One  Cubic  Foot  of  Stone  and 
Mineral  Substances. 

Description. 

Weight  of 
One  Cubic 
Foot  Solid. 

Description. 

Weisiit  of 
OneCubic 
Foot  Solid. 

Coal,  bituminous  . 

„     anthracite 
Earth  and  plaster 
Sand,  dry 

„     damp  . 
Portland  cement 
Mud     . 
Mortar 
Brickwork     . 
Marl  and  clay  . 
Sulphur  and  tiles  < 
Concrete  . 
Potash  . 
Rock-salt 
Masonry 
Sandstone 
Chalk   . 
Shale 

lbs. 

80 
100 

90 

90 
120 

92 
105 
109 
112 
119 
125 
128 
130 
136 
140 

157 
162 

Flint  and  felspar  . 
Rock-crystal     .        .     . 
Quartz  and  talc     . 
Glass,  crown    .        .     . 

„     plate  . 

„      flint        .        .     . 
Marble,  Egyptian  green 

„        Carrara        .     . 

Porphyry  and  trap 

Limestone        .        .     . 

„         magnesian    . 

Granite    .        .        .     . 

„     grey  . 
Slate        .        . 
Serpentine    . 
Basalt 
Iron  ore,  brown 

„        red    .        .    . 

lbs. 
165 

166 

169 

156 

169 

187 

167 

170 

170 

170 

179 

170 

190 

178 

176 

188 

245 

328 
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Table  112. — Weight  and  Bulk  of  Stone. 


Deacripcion. 


Chalk 


>» 


Sandstone 


>» 


Shale 

Felspar 

Flint 


Quartz 
Granite 

Basalt 


•               •               •               4 

•                    •                    • 

■        • 

•  •        •        < 

•  •        • 

•  •        • 
)ne 

•                • 

Magnesian 

•  •         •         < 

•  •         • 
•         • 

•  •        • 

WdehtofOne 
Cubic  Yard. 


Number  of  Cubic 
Feet  in  One  Ton. 


lbs. 
3170 

4750 
3900 

2200 

4300 

4370 

44  SO 
4560 

4730 
4800 

4450 

4450 

4650 

5070 


9i 
^6 


I 

li 

3s 

04 

3 
2 


Table  113. — ^Weight  in  lbs.  of  One  Cubic  Foot  of  Dry  Timber. 


Description. 


Elder-pith     . 

Charcoal  from  pine  . 

Charcoal  from  oak 

Cork 

Poplar,  Lombardy 

Bamboo   . 

Willow 

Pinaster   . 

Poplar,  Abele 

Lime-tree 

Yellow-pine,  American 

Weymouth-pine 

White-spruce,  American 

Red-pine,  Russia 

Larch   . 

Cedar  of  Lebanon 

Norway-spruce 

Chestnut  . 

Blue-mahoe  . 

Flm 

Memel-fir 

Baywood  . 


Weagbt  of 

One 
Cubic  Foot. 


lbs. 

5 

13 
15 
15 
24 

2S 
26 

27 
27 

28 
29 
29 
29 
30 
31 
31 
32 

34 
34 
34 
34 
35 


Description. 


Weight  of 

One 
Cubic  Foot. 


Sycamore 

Silverballi 

Calabash 

Bitterwood 

Alder    . 

White-deal,  English 

Mahogany,  Cuban 

Red-pine,  Norway 

Totara,  New  Zealand 

Cedar,  Jamaica 

Cowrie 

Rimu,  New  Zealand 

Crabwood,  Guiana 

Vine-tree . 

Aspen-tree    . 

Spanish-chestnut 

Poon    . 

Swamp-oak 

Bartaballi 

Walnut,  American 

Jungle-teak,  Indian 

Yacca 


lbs. 

35 
35 

35 
35 
35 
35 
35 

3^ 
37 
37 
37 
38 
38 
38 

38 
40 

40 
40 
40 

40 
40 
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Table  113  cont, — Weight  in  lbs.  of  One  Cubic  Foot  of  Dry  Timber. 


,^ 

Weight  of 

Weight  of 

Description. 

One 

Descnption. 

One 

Cubic  Foot. 

Cubic  Fooe. 

lbs. 

lbs. 

Plane-tree,  occidental    . 

40 

Buckati 

51 

,,            common 

41 

Yew         .        .        .     . 

51 

Maple  .         .         .         . 

41 

American  white-oak 

52 

Cypress    .         .        .     . 

41 

Spanish-mahogany    .     . 

53 

Green  -  Mahogany,    Ja' 

42 

Beech,  Jamaica     . 

53 

Janow 

42 

Burute      .                 .     . 

53 

Kullum    . 

42 

Hazel   .        .        .        . 

54 

Pitch-pine     . 

42 

Yellow-sanders,  Jamaica 

54 

Riga-masts        .         .     . 

42 

Prune-tree              „ 

54 

Service-tree  . 

42 

Stringy-bark     .         .     . 

54 

Walnut,  brown          .     . 

43 

Oak,  American 

54 

TAncewood   . 

43 

Bibla        .         .         .     . 

54 

Locust-tree       .         .     . 

43 

Kaieeriballi  . 

54 

Purple-heart . 

43 

Sissoo       .         .         .     . 

54 

Olive-tree         .        .     . 

43 

Tamarind,  Jamaica 

55 

Prickle,  yellow      .  "     . 

43 

Teak,  Indian    .        .     . 

55 

Cos .        .        .        .     . 

43 

Cashaw 

55 

Beech  .... 

44 

Blue-gum         .        .     . 

55 

Lemon-tree      .        .     . 

44 

Blackbutt,  Australian     . 

56 

Cartan .         .         .         . 

44 

Kowhai,  New  Zealand  . 

56 

White-cedar     .        .     . 

44 

Mulberry 

6 

Orange-tree  . 

45 

Blackwood        .         .     . 

56 

Fiddle-wood     .         .     . 

45 

Ducaballi 

56 

Locust-tree,  Guiana 

45 

Gymp       .         .        .     . 

56 

Birch        .         .         .     . 

45 

Ironbark,  rough,  Austl'n 

57 

Teak,  China 

45 

Cabacalli .         .         .     . 

57 

Cherry-tree       .        .     . 

45 

Tallow- wood 

57 

Pear-tree 

46 

Wild    orange-tree,    Ja- 

Apple-tree       .        .    . 

46 

maica  .        .        .     . 

57 

Crab-tree 

47 

Hawthorn 

57 

Hickory   .         .        .     . 

47 

Gray-gum         .        .     . 

57 

Fir,  Nor^iay  pine  . 

47 

Mora    .... 

57 

Dantzic-oak      .        .     . 

47 

I^aburnum        .        .     . 

58 

Oak  sap-wood 

47 

Oak,  English 

58 

Hornbeam        .        .     . 

48 

Walnut,  green  .        .     . 

58 

Holly   .        .        .        , 

48 

Monkey-pot  . 

58 

Green-elm        .        .     . 

48 

Mahogany,  Australian   . 

58 

Moreton  Bay,  AustTn    . 

48 

Manuka,  New  Zealand  . 

59 

Matai,  New  Zealand 

49 

Dogwood          .        .     . 

59 

Sweet  orange-tree . 

50 

Flooded-gum,  Aust In  . 

60 

Rock-elm                  .     . 

50 

Puriri,  New  Zealand 

60 

Baracara 

50 

Sabicu  .... 

60 

Acacia      .        .        .     . 

51 

Satin-wood        .        .     . 

60 
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Table  113  cottt, — Weight  in  lbs.  of  One  Cubic  Foot  of  Dry  Timber. 


De&criptioQ. 


Cog-wood 

Mee 

Sal       .        .        . 

True-box 

Sweet-woo(i,  Jamaica 

Fustic  M     . 

Oak,  European 

Tonka 

Erroul  . 

Iron-wood 

Teak,  African 

Woolly-butt      . 

Letter-wood,  Guiana 

Lance-wood  4a  to 

Water-gum  . 

Wallaba  . 

Brown  ebony,  Guiana 

Boxwood  . 

Rosewood 

Bullet-tree 


Wdghtof 

OlM 

Cubic  Foot. 


60 
60 
60 
61 
61 
61 
61 
61 
62 
62 
62 

l\ 

64 

65 
65 
65 
65 


Description. 


Paloo    .... 
Rata,  New  Zealand  .    . 
Greenheart    . 
Rakaralli . 
Bastard-box  . 
Mountain-ash,  Australian 
Ebony  .... 
Caluvere  .        .        .     . 
Small-leaf     . 
Lignumvitae,  Jamaica    . 
Ironbark,  white,  Aust'l'n 
Box,  Ilwarra     .        .     . 
Maire,  black 
Oak,  heart  of    . 
Oak,  black    . 
Ebony,  black   .        .     . 

„       green 
Boxwood  of  Holland 
Lignumvitae  .        .41  to 
Pomegranate    .        .    . 


Weight  of 

One 
Cobic  Foot. 


•  1 


Ibt. 

66 
66 
67 

68 
70 
70 

71 

72 

72 
73 
73 
73 
73 
73 
75 
75 
76 

l^ 
83 

85 


Table  114. — Weight  of  Liquids  at  32®  Fahr. 


Description, 


Ether,  sulphuric    . 
Alcohol,  pure   . 

„       proof  spirit 
Wood,  spirit 
Oil,  linseed  . 
olive  . 


» 


>f 


whale 


„    turpentme  . 
Naphtha 
Petroleum 
Wine,  Burgundy   . 
Sea-water,  ordinary 
Milk     . 

Acetic  acid,  maximum  concentration 
Nitric  acid    . 
Water  of  the  Dead  Sea 
Sulphuric  acid,  maximum  concentration 
Mercury 
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Average  Strength  and  Weight  of  Metals. — ^The  average  ultimate 
tensile  strength,  or  breaking  weight,  the  elongation,  representing  ductility, 
the  elastic  strength,  representing  resistance  to  a  working  stress  in  tension, 
and  the  weight  of  numerous  metals  are  given  in  the  following  Table : — 

Table  1 1 5. — Avkrage  Ultimate  Tensile  Strength,  or  Breaking  Weight, 
Elongation  pfr  cent..  Elastic  Strength,  and  Weight  of  Metals. 


Description. 


Ultimate 
Tensile 

Strength 
or 

Breaking 
Weight 
in  Tons 

Square 
Inch. 


•{ 


From 
To 


/  From 
•\    To 


Cast-iron,  ordinary  . 

Cast-iron,  extra  strong 

Wrought-iron  forgings 

Wrought-iron  for  rivets 
Wrought-iron  plates,  best  Yorkshire, 

along  the  grain  •  .  .  . 
Wrought-iron  plates,  best  Yorkshire, 

across  the  grain  .  .  .  . 
Wrought-iron  plates,  ordinary,  along 

the  grain 

Wrought-iron  plates,  ordinary,  across 

the  grain 

Wrought  -  iron    for    constructional 

ironwork  for  buildings    .        .     . 
Wrought-iron  bars  and  rods,  best    . 
Wrought-iron  bars  and  rods,  ordi- 
nary   

Wrought-iron,  channel,  angle,  and 

X ,  oest  •  •  a  •  .  . 
Wrought-iron,  channel,  angle,  and 

T,  ordinary  .  .  .  . 
Cast-steel  bar,  25  per  cent,  carbon 
Cast-steel  bar,  -50  per  cent,  carbon 
Cast-steel  bar,  75  per  cent,  carbon 
Cast-steel  bar,  i  00  per  cent,  carbon 
Cast-steel  bar,  1*25  per  cent,  carbon 

Manganese  steel        .        •  "!     To 

Mild-steel,  with  2  percent,  aluminium 

Cupreous    steel,    -56    copper,   '25 

carbon        .        .        .        .        . 


6 

7 
10 

20 

26 

26 

24 
22 
22 

20 

21 
25 

20 
22 

20 

30 
42 

45 
60 

69 
56 
65 
51 

35 


Elonga- 
tion per 
Cent. 


10 
12 

25 
16 

12 

8 


8 


20 

«3 

15 

20 

17 

15 
12 

10 

35 

50 
12J 

24 


Elastic 
Strength 
in  Ten- 
sion in 
Tons  per 
Square 
Inch 


None. 

None. 

None. 

10 

13 
13 

12 
II 
II 

10 

lO^ 
I2i 

10 

II 

10 

15 
21 

22^ 

30 

34i 

28 

32i 

25i 

20 


Weight 

of  a 

Cubic 

Inch  in 

Pounds. 


* 

\  '260 

•263 

}-38l 


Weight 

of  a 

Cubic 

Foot  in 

Pounds. 


450 

455 
486 


•278 


-  '284 


480 


•282 
•284 

'284 


490 

488 
490 

490 
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Table  ii^  continued, — Average  Ultimate  Tensile  Strength,  or  Breaking 
Weight,  Elongation  per  cent.,  Elastic  Strength,  and  Weight  or 

Metals. 


D6t6ttpil<Mk 


Compressed  soft  steel        •  [    rp 

Chrome-steel,  5  per  cent,  chromium 
and  *4  per  cent,  carbon,  annealed 
Ditto,  hardened  and  tempered 
Chrome-steel,  10  per  cent,  chromium 
and  *4  per  cent,  carbon,  annealed 
Ditto,  haixlened  and  tempered 
Chrome-steel,  1 5  percent,  chromium 
and  *4  per  cent,  carbon,  annealed 
Ditto,  hardened  and  tempered 
Silicon-steel;  carbon, -2610  \  p 
•43;  silicon,  1-52  to  1*65;  [    rJ?J" 
manganese,  '63  to  82    .  1 

Hadfield's  "  Heclon  "  steel      •       | 

Extra#oft  steel  for  plates  .  |    r^^ 

Rivets  for  constructional  ( From 
steel  for  buildings .        .  \    To 

Plates  and  bars  for  construe-  /From 
tional  steel  for  buildings  \    To 

Soft  steel  for  plates  .        .  i^^r^^ 

Soft  steel  forgings  .        .        .        . 
Hard  steel  forgings,  not  annealed   . 

Steel  for  fire-box-plates     .  {  ^J^™ 

iFrom 
To 
From 
To 
From 
To 
Hard  steel  for  axles  and  shafts 
Steel  for  the  crank-axles  of  /  From 
locomotive  engines        .  \    To 


Flange-steel  for  boilers 

Steel  for  boiler-plates 

Steel  for  general  purposes    -f 


Ultimate 
TensUa 

Strength 
or 

Breaking 
Weight 
In  Toot 


Square 
Inch. 


28 
30 

31 
55 

42 

54 

45 
58 

69 
79 

48 
54 

20 

25 

23 

27 
27 

32 

23 

28 

26 

34 
24 

28 

24 
29 

27 

32 
26 

30 
36 
28 

30 


Elonga- 
tion per 
Cent. 


8 
12 

24 
12 

21 
12 

18 
II 

9 
7 


28 
27 
26 

25 

22 

22 
26 

25 
28 

18 

26 

25 
25 

24 

20 
20 

20 

17 
18 

35 
32 


Elastic 
Strength 
in  Ten- 
sion in 
Tons  per 
Square 
Inch. 


12 
14 

17 
48 

22 

42 

25 
48 

42 

48 


O 

2\ 

l\ 

3i 
3i 

6 

i\ 

4 

3 

7 
2 

4 

2 

44 

3i 
6 

3 

5 
8 

4 
5 


Weight 

of  a 

Cubic 

Inch  in 

Pounds. 


310 


'282 


Weight 

of  a 

Cubic 

Foot  in 

Pounds. 


536 


488 


From 

•284 

to 

•286 


From 

490 
to 

494 
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Table  1 15  coniinued, — ^Avxrage  Ultimate  Txnsilb  Strength,  or  Breaking 
Weight,  Elongation  per  cent.,  Elastic  Strength,  and  Weight  of 
Metals. 


Dcnripdco. 


Steel  for  the  straight-axles  of  loco- 
motive engines  and  tenders 

Steel  for  the  wheels  of  loco-  i  From 
motive  engines      .        .  \    To 

Steel  for  the  tyres  of  loco-  /  From 
motive  engines  and  tenders  \    To 

Steel  forgings  for  locomo-  \  p-Q^ 
tives  and  other  engines,  I    rp 
annealed       .        .        .  J       ^ 

General  forgings  of  steel,  /  From 
small        .        .        .    .  \    To 

General  forgings  of  steel,   f  From 
medium        .        .        .  \    To 

General  forgings  of  steel,  /  From 
large         .        .        .    .  \    To 

General  steel-castings  for   ( From 
engines  and  machinery  .  \    To 

Steel-castings,  soft .        •        •        . 

Steel-castings,  medium       .        .    • 

Steel-castings,  hard 

Nickel-iron  {  P-'-S?  ' 'T'l 
Nickel-iron,  4  per  cent,  nickel 
Nickel-iron,  6  per  cent,  nickel    .    . 

Carbon       Nickel 


Nickel  Flange-steel 
Nickel-steel  plate 
Nickle-steel  bar 
Nickel-steel  plate 
Nickel-steel  forging 
Nickel-steel  plate 
Nickel-steel  shaft 
Nickel-steel  forging 
Nickel-steel  tube 
Nickel-steel  plate, 

60  manganese,  2*5 

chromium 


percent 
•10 

•14 

•14 

•20 
•25 
•27 
•30 


per  cent. 
270 

300 
1*92 

325 

3'5o 
3'oo 

3*19 

3'50 
5-00 


Ultimate 
Tensile 
Strength 

or 

Breaking 

Weight 

In  Tons 

Square 
Inch. 


'68      22-50 


32 

28 

30 

45 
48 

43 
45 

26 
34 

31 
36 
38 
40 
30 

33 

27 

31 
38 

21 

25 
35 

29 

33 
34 

H 

38 

40 

4» 
42 
42 


44 


Elonga- 
tion per 
Cent 


33 
27 
24 

23 

20 

22 

20 

28 
18 

24 
22 

22 

20 

17 

15 
22 

18 
15 


27 
25 

33 
24 

25 
20 

24 
22 

23 


45 


Elastic 
Strength 
In  Ten- 
sion in 
Tons  per 
Square 
Inch. 


16 
14 

15 
22^ 

24 

2li 
22^ 

13 

17 

i5i 
18 

19 

20 

15 

i3i 
i5i 
19 

10 

17 
28 

21 

19 
26 

26 

20 

22 

27 

27 

27 


31 


Weight 

of  a 

Cubic 

Inch  in 

Pounds. 


From 

•284 

to 

•286 


From 

1-285 
to 

'2%7 

From 

•284 

to 

•286 


•278 


'284 


Weight 

of  a 

Cubic 

Foot  in 

Pounds 


From 

490 

to 
494 


From 

493 
to 

496 

From 
490 

*■   to 

494 
480 


490 


478 
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Fable  115  continued, — Average  Ultimate  Tensile  Strength,  or  Breaking 
Weight,  Elongation  per  cent.,  Elastic  Strength,  and  Weight  of 
Metals. 


Ultimate 

Description. 

Tensile 
Strength 

or 
Breaking 

Weight 

Elonga- 
tion per 
Cent. 

Elastic 
Strength 
in  Ten- 
sion in 
Tons  per 

Weight 

ofa 

Cubic 

Inch  in 

Weight 

ofa 

Cubic 

Foot  in 

in  I  QUm 

per 
Square 

Square 
Inch. 

Pounds. 

Inch. 

Carbon       Niclcel 

per  cent    per  cent. 

Nickel-Steel  forging       '40        3-50 

50 

18 

32 

Nickel-steel  forging       '50        3*50 

56 

13 

38 

Nickel- steel  forging, 

^ 

•^ 

88  chromium      .      '38       12*50 

63 

^. 

51 

Nickel-steel  forging     i*io        1*66 

65 

_ 

40 

Nickel-steel  bar 

«F 

(R.  A.  Hadfield) 

I  manganese   .      '16      24*51 

77 

13 

32 

Nickel -steel  bar 

•^ 

•^ 

(R.  A.  Hadfield) 

*86  manganese       '16        9*51 

85 

9 

42 

Nickel-steel  bar 

^ 

.•284 

490 

(R.  A.  Hadfield) 

■  f 

'93  manganese       '23       15*48 

94 

3 

5S 

Nickel-steel  boiler  plates 

36 

25 

22 

Nickel-steel  axles  and  shafts{  ^^^ 

t 

25 
22 

22 

28 

Nickel-steel  bars  and  rods  {  ^ij?^ 

37 

55 

25 
18 

23 
33 

General    forgings   of    nickel-steel, 

small          .        .        •        •        . 

43 

21 

26 

General    forgings    of    nickel-steel, 

medium  sized         .        .        •    . 

40 

22 

24 

General  forgings  of  nickel-steel,  large 

38 

24 

23 

Nickel-bronze,  locopper:  17}  nickel: 

12^  zinc 

26 

23 

n 

•283 

492 

Nickel-bronze,  70  copper ;  20  nickel  : 

10  zinc       •        .        •        .        . 

3^ 

16 

18 

•305 

528 

Chrome-bronze         .        .  |    j^ 

28 
67 

20 
12 

14 
334 

}'3H 

543 

Atlas-bronze,  No.  i        .        .        . 

50 

19 

28 

Atlas-bronze,  No.  2   .        .        .    . 

35 

20 

I9i 

1 

Manganese-bronze        .      i     j^ 

20 

39i 

22 
II 

10 
19  J 

}*300 

519 

Silicon-bronze,  97  copper :  3  silicon 

25 

50 

I2i 

•321 

556 

Silicon-bronze,  95  copper :  5  silicon 

33 

8 

i6i 

•319 

55* 
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Table  115  continued. — ^Average  Ultimate  Tensile  Strength,  or  Breaking 
Weight,  Elongation  per  cent.,  Elastic  Strength,  and  Weight  of 
Metals. 


Description. 


Ferro-bronze 


{From 
To 

Ferro-bronze,  copper  65  parts :  zinc 
33  parts :  ferro-manganese,  con- 
taining 50  per  cent,  of  iron,  7  parts 
Pyro-bronze 

Phosphor-bronze  .        •    •   |     To 

Bronze,  ordinary,  and  gun-  /  From 
metal    .        .        .        .  \    To 

Bronze,  ordinary,  for  bear-  \ 
ings   and   slide  -  valves, 
copper  from   80  to  82    ^  From 
per  cent.:  tin  10  to  14   I     To 
per  cent.:    zinc  2  to  4 
per  cent. 

Bronze,  ordinary,  for  general  pur- 
poses, copper  89  per  cent. :  tin  9 
per  cent. :  zinc  2  per  cent.  . 

Bronze,  ordinary,  for  steam-  ' 
cocks,  steam-valves,  and 
steam  -  fittings,    copper    ^  From 
from  86  to  88  per  cent. :   j     To 
tin  8  to  10  per  cent. :  zinc  I 
2  to  6  per  cent.      .        .  / 

Bronze  for  bearings,  American  Rail- 
way, 77  copper :  8  tin :  15  lead 

Phosphor  -  bronze  for  bearings, 
American  Railway,  7970 copper: 
10  tin :  9-50  lead :  '80  phosphorus 

{From 
To 
{From 
To 

Durana-metal 

Muntz-metal  tubes  and  rods   . 
Muntz-metal  plates    .        .        •    . 


BuU's-metal 
Delta-metal  • 


Ultimate 

Tensile 

Strength 

or 
Brealcing 
Weight 
in  Tons 

Square 
Inch. 


22 

36 


22 

26 
10 

9 

17 


12 

14 


i5i 


12 

16 


lO^ 


Elonga> 

tlonper 

Cent. 


20 
10 


18 

30 
20 

15 
10 

5 

20 
15 


12 


14 

8 


II 


i3i 

6 

29 

32 

32} 

16 

16 

30 

33 

20 

23 

22 

2ii 

20 

28 

20 

Elastic 
Strength 
in  Ten- 
sion in 
Tons  per 
Square 
Inch. 


II 
18 


II 

18 

5 

4i 

8i 


6 
7 


7i 


6 
8 


23* 

}- 


Weight 

of  a 

Cubic 

Inch  in 

Pounds. 


•296 
•294 


•294 


} 


•315 
•309 

•315 


/    315 


■  •312 


} 


•333 
•325 

•318 

•318 
•298 


Weight 

of  a 

Cub  c 

Foot  in 

Pounds. 


512 

508 


508 


544 

534 
544 


544 


540 


576 
562 

550 
550 

525 


48o 
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Table  115  con/inued.^^hyzKAGZ  Ultimate  Tensile  Strength,  or  Breaking 
Weight,  Elongation  per  cent..  Elastic  Strength,  and  Weight  of 
Metals. 


Brass,  cast 


/  From 
•    •  \    To 

Brass-sheet,  ordinary.        .  |    J^"^ 

Brass-sheet,  extra  strong 

To 

Fcrro-brass,  copper  62  per  ^  p.^j- 
cent. :  zinc  37^  per  cent. :  j-    rj, 
iron  \  per  cent.      .        .  ) 

Brass-wire,  annealed 

Brass-wire,  not  annealed     .        .    . 

Babbitt-metal,  or  anti-friction  white- 
metal  for  bearings,  10  parts  tin : 
I  part  copper :  i  part  antimony  . 

Copper,  cast      •        •        '  I     To 

Copper-sheet,  or  plate   .    .  |    ^^ 

Copper-rods      .... 
Copper-tubes,  ordinary  . 
Copper-tubes,  specially  hardened 
Copper-bolts     .... 
Copper-wire,  annealed    . 
Copper-wire,  not  annealed .        • 
Nickel,  cast-bars    . 
Nickel,  rolled-bars     • 
Tin       •        •        •        •        . 
Lead,  cast         .... 
Lead,  sheet   .        •        •        • 

Lead-pipe 

Zinc,  cast      •        •        •        • 
Zinc,  sheet        .... 
Antimony,  cast       •        •        • 
Cadmium .        .        •        •        . 
Bismuth,  cast         •        •        • 
Silver 


Ultimate 
Tensile 

Strength 
or 

Breaking 
Weight 
In  Tons 

Squara 
loch. 


9 

12^ 

8 
12 
18 
12 

14 

20 

23 
36 


3t 

8 

Hi 

13 
16 

Mi 

15 
22 

17 
i6i 

28 
18 

3« 

2 'GO 
•81 

•86 
I -00 
3-08 
272 

•46 
6-00 
1*42 
7'oo 


Elonga* 

tionper 

Cent. 


10 

4 

30 

15 
20 

20 
25 

50 
20 

36 

ID 


12 

5 
36 
21 

50 
42 
10 

25 
34 

10 

17 

44 

10 

I 

6 

25 
16 


40 
None. 

35 


Elastic 
Strength 
in  Ten- 
sion in 
Tons  per 
Square 
Inch. 


3 

4i 

3 

4i 
7 
4i 

5i 

8 
9i 


5 

7 
8 

10 

8J 

9 
14 

10 


5 

8 

I '00 

•40 
•40 

•50 
1*50 

1*30 
3-00 

3'50 


Weight 

ofa 

Cubic 

Inch  in 

Pounds. 


'292 
•298 
•298 
•304 
•305 


•304 


}-3o8 


} 


'264 
•316 

•318 

•322 

•323 
•324 
•320 


Weight 

ofa 

Cubic 

Foot  in 

Pounds. 


525 
518 

527 
528 


527 


533 

456 
546 

549 

557 

559 
560  < 

553 


•321 

554 

•298 

515 

•312 

264 
•410 

456 

708 

•411 

712 

•413 

•250 
•260 

428 

450 

'242 

418 

•314 

542 

•357 
•380 

617 
656 
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Table  115  continued. — Average  Ultimate  Tensile  Strength,  or  Breaking 
Weight,  Elongation  per  cent..  Elastic  Strength,  and  Weight  of 
Metals. 


Descripdon. 


Magnalium,  strong  quality  \ 
for  spindles,  an  alloy  of     From 
aluminium   and  magne-       To 
sium 

Aluminium,  cast   .        •     •  1     t^"^ 

Aluminium,    wrought,   an-  /  From 

nealed   .        .        .        .  \    To 
Aluminium,  hard  rolled,  not  f  From 

annealed    .        •        .    .  \    To 
Aluminium-brass,  63  copper:   33 J 

zinc:  3 ^  aluminium    . 
Aluminium-brass,  2  per  cent,  alu- 
minium .        •        •        .        .     . 
Aluminium-bronze  castings,  i^  per 

cent,  aluminium 
Aluminium-bronze  castings,  2^  per 

cent,  aluminium     .        .        .     . 
Aluminium-bronze  castings,  5  per 

cent,  aluminium 
Aluminium-bronze  castings,  7i  per 

cent  aluminium  .... 
Aluminium-bronze  castings,  10  per 

cent,  aluminium     •        .        .     . 
Aluminium-bronze,    10    per    cent. 

aluminium,  rolled  bars 
Aluminium-bronze,    10    per    cent. 

aluminium,  hard  rolled  sheets 
Aluminium-bronze,    10    per    cent. 

aluminium,  hard-drawn  wire 
Wolframinium,  an  alloy  of  wolfram, 

copper,     and    aluminium,    hard 

rolled     .        .        .        .        •     . 
Wolframinium,  annealed 
Romanium,  an  alloy  of  wolfram, 

nickel,  and  aluminium,  hard  rolled 
Romanium,  annealed  •        •    • 


Ultimate 

Tensile 

Strength 

or 

Breaking 

Weight 

in  Tons 

per 

Square 

Inch. 


12 

5 
7 
5 

6i 
II 

17 


Elonga- 
tion per 
Cent. 


23 
17 

17 


2 

3 
18 

26 
3 

4 


31 

30 

30 

30 

13 

40 

20 

40 

25 

50 

27 

45 

30 

22 

35 

40 

45 

10 

65 

5 

2 

16 

5 
19 


Elastic 
Strength 
in  Ten- 
sion in 
Tons  per 
Square 
Inch. 


i7i 

32i 


Weight 

Weight 

of  a 

of  a 

Cubic 

Cubic 

Inch  in 

Foot  in 

Pounds. 

Pounds. 

}■ 
)■ 


092 


•097 


•303 


•301 
•300 

•297 

•278 

•276 

•278 
•280 
•282 


•099 
•098 

•100 

•098 


157 


159 


168 


523 

521 

519 

513 
480 

477 
48a 

484 
488 


171 
169 

172 
169 


1  I 
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Table  115  continued, — Average  Ultimate  Tensile  Strength,  or  Breaking 
Weight,  Elongation  per  cent.,  Elastic  Strength,  and  Weight  of 
Metals. 


Ultimate 

Tensile 
Strength 

OP 

Elastic 
Strength 

Weight 

Weight 

Pescripiioiu 

Breaking 
Weight 
in  Tons 

Elonga- 
tion per 
Cent. 

in  Ten- 
sion in 
Tons  per 

of  a 

Cubic 

Inch  in 

of  a 
Cubic 
Foot  in 

Square 

Pounds. 

Pounds. 

ci^ 

Inch. 

Square 

Inch. 

Aluminium-nickel  alloy,  plate,  alu- 

minium 94  per  cent.:   nickel  6 

per  cent 

19 

10 

13 

•105 

181 

Aluminium-copper  alloy,  plate,  alu- 

minium 94  per  cent.:  copper  6 

per  cent 

15 

7 

7\ 

•109 

188 

Aluminium-zinc    alloy,  aluminium 

85  per  cent. :  zinc  15  per  cent.    . 

9 

6 

•109 

188 

Aluminium-zinc    alloy,    aluminium 

3  parts :  zinc  1  part    . 

i5i 

Slight. 

•125 

215 

Aluminium- zinc    alloy,   aluminium 

2  parts :  zinc  i  part    . 

18 

None. 

•140 

240 

MetaiUi  for  the  Bearings  of  the  Journals  of  Shafts. — ^White  alloys 
considerably  dimmish  resistance  to  friction,  and  are  much  used  for  the 
bearings  of  the  journals  of  shafts.  They  are  easily  fusible,  and,  when  melted, 
may  be  directly  applied  to  journals. 

\  Tin  and  lead  combine  in  all  proportions,  and  having  the  lowest  co-efl5cienls 
of  friction  of  all  the  easily-fusible  metals,  or  of  those  with  low  melting 
points,  they  are  much  used  in  combination  with  other  metals,  added  to 
obtain  hardness,  as  ingredients  of  white  alloys  for  bearings. 

The  best  white-metal  for  bearings  has  a  fine,  silvery  appearance,  and  its 
wear,  friction,  and  heating  tendencies  are  generally  considerably  less  than 
those  of  other  bearing-metals. 

To  obtain  the  minimum  of  friction,  it  is  necessary  to  have  perfectly  true 
and  well-polished  journals  of  close-grained  metal.  Good  antifriction  white- 
metal  bearings  of  highly-finished  journals  of  a  shaft  soon  acquire  a  glass- 
like smoothness,  and  become  in  perfect  condition,  and  the  journals  generally 
wear  very  little  and  seldom  become  cut  or  scored.  The  slightly  yielding 
nature  of  the  metal  enables  it  to  conform  to  any  irregularities  in  the  surface 
of  a  journal,  and  ensures  a  uniform  bearing  soon  after  the  pressure  is 
applied,  which  conduces  to  the  durability  of  the  bearing. 

Bearings  should  be  tough,  highly  antifrictional  and  wear-resisting,  and  of 
uniformly  fine-grained  metal  throughout.  When  not  of  homogeneous 
structure,  bearings  wear  unevenly,  and  are  not  durable.  Hard  bearings  are 
generally  satisfactory,  but  the  tendency  to  heat,  and  the  liability  to  break, 
increase  with  the  hardness.  When  too  soft,  the  bearings  crush.  Mixtures 
of  metals  for  bearings  should  be  proportioned  to  the  weight  carried. 
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The  composition  of  a  great  variety  of  alloys  for  bearing-metal,  and  other 
purposes,  is  given  in  the  following  pages. 

Antiinonial  Lead,  or  hard  lead,  is  a  very  crystalline  and  brittle  alloy, 
of  poor  wear-resisting  quality.  It  is  sometimes  used  for  lining  the  bearings 
of  truck-axles  and  other  bearings  where  a  cheap  and  inferior  metal  is 
required.    The  following  are  some  compositions  of  this  metal. 

Lead 

lbs. 

Antimonial  Lead 80 

Antimonial  Lead 84 

Antimonial  Lead 85 

Antimonial  Lead 88 

Antimonial  Lead  74  lbs.  of  hardening,  A  152  —  — 

Hardening,  A  is  composed  of  48  lbs.  of  lead,  and  26  lbs.  of  antimony. 

Babbitt-Metal  is  a  name  applied  to  a  number  of  various  composi- 
tions of  metals  used  for  the  bearings  of  the  journals  of  shafts,  that  differ 
considerably  from  the  original  specification,  which  was  4  lbs.  of  copper, 
8  lbs.  of  antimony,  and  24  lbs.  of  tin,  or  a  total  of  36  lbs.  This  was  called 
hardening.  For  every  pound  of  hardening,  2  lbs.  more  tin  were  added, 
making  altogether  108  pounds. 

Some  of  the  numerous  compositions  sold  as  Babbitt-metal  are  as 
follows :— 


Antimony 

lbs. 

Tin 
lbs. 

20 

15 

I 

15 

12 

—— 

Modified  Babbitt-Metal 
Modified  Babbitt-Metal 
Modified  Babbitt-Metal 
Modified  Babbitt-Metal 
Modified  Babbitt-Metal 


32  lbs.  of  hardening,  B. 
32  lbs.  of  hardening,  B. 
16  lbs.  of  hardening,  B. 
52  lbs.  of  hardening,  C. 
100  lbs.  of  hardening,  D. 


Tin 

Antimony 

Lead 

lbs. 

lbs. 

lbs. 

64 





64 



93 

50 

20 

80 

40 

145 

100 

_ 

Hardening,  B.  is  composed  of  4  lbs.  of  copper,  8  lbs.  of  tin,  and  8  lbs.  of 
antimony.  The  copper  is  melted  first,  then  the  tin  is  added,  and  afterwards 
the  antimony.  It  is  allowed  to  cool  down  to  a  dull-red  heat,  and  1 2  lbs. 
more  of  tin  are  added  to  increase  the  fusibility  of  the  hardening,  making 
altogether  32  lbs.  of  hardening.  Hardening,  C.  is  composed  of  145  lbs.  of 
lead,  40  lbs  of  tin,  and  20  lbs.  of  antimony.  Hardening,  D.  is  composed 
of  80  lbs.  of  lead,  and  20  lbs.  of  antimony. 

Old  type  metal,  composed  of  50  per.  cent,  of  lead,  25  per  cent,  of  tin, 
and  25  per  cent,  of  antimony,  is  frequently  used  for  the  bearings  of 
machinery. 

Lead  and  Tin  Alloys. — The  least  expensive  white  metals  for  bearings 
are  composed  principally  of  lead.  Some  of  these  antifriction  alloys  are  as 
follows : — 

Table  116. — Composition  of  Antifriction  White-Metal  for  Bearings. 


Description. 

Lead. 

Anti- 
mony. 

Tin. 

Copper. 

White-metal  for  the  bearings  of  machinery 
White-metal  for  the  bearings  of  shafting 
and  general  machinery 

40 
40 

22 
13 

38 

45  i 

I* 

484 


THE  PRACTICAL  ENGINEER'S  HAND-BOOK. 


Table  1 1 6  eon, — Composition  op  Antifriction  White-Metal  for  Bearings. 


Description. 

Lead. 

Anti- 
mony, 

Tin. 

Copper. 

White-metal  for  the  bearings  of  shafting 
and  general  machinery    .         .         .     . 

White-metal  for  the  bearings  of  shafting 
and  general  machinery 

White-metal  for  the  bearings  of  axles  of 
railway  carriages;  the  bushes  of  loco- 
motive coupling  rods;  and  for  lining 
the  slide-blocks  of  crossheads .        .     . 

White-metal  for  the  bearings  of  axles  of 
railway-waggons 

White-metal  for  lining  the  bearings  of 
railway-axles,  and  the  bushes  of  loco- 
motive-connecting-rods .         .        •     . 

White-metal  for  the  bearings  of  axles  of 
railway  carriages,  and  of  general 
machinery 

White-metal  for  the  bearings  of  railway 
axles,  and  of  general  machinery       .     . 

White-metal  for  the  bearings  of  shafting 
and  general  machinery 

White-metal  for  the  bearings  of  shafting 
and  general  machinery    .        .         .     . 

White-metal  for  lining  eccentric-straps, 
and  for  filling  recesses  in  slide-valves  . 

White-metal  for  the  bearings  of  shafting, 
millwork,  and  general  machinery     .     . 

White-metal  for  the  bearings  of  shafting 
and  general  machinery.     \  Bismuth     . 

45 
60 

65 

68 
70 
70 

74 

78 

79 
60 

Oo 

80 

15 
16 

25 
17 

20 

20 
18 
20 

>3 
14 

«5 

40 
24 

15 
10 

8 

I 

7 

6 

4! 

ID 

10 

I 

A  Cheap  Bearing-Metal,  according  to  the  specification  of  the  revoked 
patent,  is  composed  of  80  lbs.  of  lead,  15  lbs.  of  antimony,  5  lbs.  of  tin, 
4  ounces  of  bismuth,  and  8  ounces  of  graphite. 

Tin  and  Copper  Alloys. — Antifriction  white  metals  of  fine  quality  are  com- 
posed principally  of  tin.  Someoftheseantifrictionwhitemetalsareasfollows:— 

Table  117. — Composition  of  Antifriction  White-Metal  for  Bearings. 


■ 

Description. 

Tin. 

Anti- 
mony. 

Copper. 
21 

4 

Lead. 

Antifriction  white-metal  for  the  bearings 
of  machinery 

Antifriction  white-metal  for  the  bearings 
of  marine  engines,  stationary  engines, 
various  machinery,  shafting,  and  mill- 
work       

68 

70 

II 
9 

17 
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Table  117  coniinued, — Composition  of  Antifriction  White-Metal 

FOR  Bearings. 


Description. 

Tin. 

Anli- 
mony. 

Copper. 

Lead. 

Antifriction  white-metal  for  the  bearings 

of  engines  and  general  machinery 

72 

i3 

10 

Extra  hard  "Tandem  Locomotive  Compo- 

sition "  of  antifriction  white-metal    .     . 

74 

18 

s 

Antifriction  white-metal  for  the  bearings 

of  general  machinery  .... 

80 

10 

10 

Antifriction  white-metal  for  the  bearings 

of  general  machinery       .         .         .     . 

81 

10 

4 

5 

Antifriction  white-metal  for  the  bearings 

of  general  machinery  .... 

82 

9 

9 

Antifriction  white-metal  for  the  bearings 

of  general  machinery       .         .         .     . 

82 

ic] 

1  A 

Antifriction  white-metal  for  the  bearings 

of  general  machinery  .... 

82 

14 

4 

Antifriction  white-metal  for  the  bearings  ot 

locomotive  engines,  stationary  engines, 

general  machinery,  shafting,  and  mill- 

work       

-3 

9 

8 

Extra  tough  "  Tandem  Locomotive  Com- 

position '*  of  antifriction  white-metal 

^^5 

^1 
/  i 

Antifriction  white-metal  for  the  bearings 

of  locomotive  engines,  and  for  lining 

bearings 

85 

10 

5 

Antifriction  white-metal    for    lining   the 

bearings  of  locomotive    engines,   and 

for  general  bearings    .... 

86^ 

7l 

5^- 

— 

Antifriction  white-metal  for  bearings  of 

general  machinery 

89 

7J 

3f 

Antifriction  white-metal  .... 

90 

8 

2 

Zinc  and  Tin  Alloys. — ^Alloys  containing  a  considerable  quantity  of 
zinc  are  sometimes  termed  white-brass.  Some  of  these  antifriction  alloys 
are  as  follows : — 


Table  118. — Composition  of  Antifriction  White-Metal  for  Bearings. 


\ 

Description. 

Zinc. 

Tlo. 

67 

63 

58- 

Anti- 
mony. 

2 

Lead. 

1 
•i 

I 

Copper. 

I 

I 

Antifriction  white-metal 
Antifriction  white-metal  .         .     . 
Parson's  white-brass     . 
Antifriction  white-metal   .        .     . 

3«i 
35 
39i 
64i 
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Table  iii  continued. — Composition  op  Antifriction  White-Metal 

FOR  Bearings. 


Description. 

Zinc. 

Tin. 

Anti- 
mony. 

Lead. 

Copper. 

Antifriction  white-metal 
Antifriction  white-metal   .        .     . 
Fenton's  antifriction  white-metal  . 
White-brass          .... 
Antifriction  white-metal   .        .     . 

77 
78  i 

79 
80 

85 

17 

7i 
16 

10 

10 

— 

7 

I 

7 

5 
10 

4 

JL 


<i»iii  ii<^imwir<wi»>j"«wi 
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Bushes  with  Lining-Strips  of  White-Metal. — Bushes  of  bronze, 

gun-metal,  and  cast-iron  are  frequently  provided  with 
lining-strips  of  white-metal  for  the  purpose  of  diminishing 
frictional  resistance.  The  white-metal  is  contained  in 
either  circular,  spiral,  or  longitudinal  recesses  in  the 
bushes,  a  strip  of  metal  remaining  at  the  ends  of  the 
recesses  to  retain  the  white-metal,  which  is  liable  to 
spread  under  pressure.  Bushes  with  metal  linings  are 
shown  in  Figs.  372 — 374. 


n 
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Fig.  373.— Bush  lined 
Willi  white-metal. 


F*g>'  373  and  374.— Bush  lined  with  white-metal. 

The  thickness  of  white-metal  linings  for  the  recesses  of  bronze  and  gun- 
metal  bushes  may  generally  be  as  follows : — 


Thickness  of  a 

Thickness  of 

bronze  and 

white-metal 

gun-metal  bush. 

lining. 

Inch. 

Inch. 

V 

i 

i 

tV 

I 

t 

li 

7 

la 

Thickness  of  a 

bronze  and 

gun-metal  bush. 

Inch. 

li 

2 


Thickness  Oi 
white-metal 

lining 

Inch. 


9 
Te 

A 


Cast-iron  bushes  are  generally  from  one-fourth  to  one-half  thicker  than 
those  of  bronze  or  gun-metal,  but  the  white-metal  linings  are  of  the  same 
thickness  as  for  bronze  and  gun-metal. 

Alloys  for  Metallic  Packing. — The  glands  of  the  stuffing-boxes  of 
piston-rods,  valve-spindles  and  pump-rams  are  frequently  packed  with 
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metallic  packing.     Some  antifriction  white-metal  alloys  for  this  purpose  are 
as  follows : — 

Table  119. — Composition  of  Alloys  for  Metallic  Packing  for 

Stuffing-Boxks. 


Description. 

Tir. 

Anti- 
mony. 

Copper. 

Lead. 

White-metal  for  metallic  packing     . 
White-metal  for  metallic  packing         .     . 
White-metal  for  metallic  packing     . 
White-metal  for  metallic  packing         .     . 
White-metal  for  metallic  packing 
White-metal  for  metallic  packing         .     . 
White-metal  for  metallic  packing     . 
White-metal  for  metallic  packing         .     . 
White-metal  for  metallic  packing     . 
White-metal  for  metallic  packing         .     . 
White-metal  for  metallic  packing     . 
Antimonial  lead  for  metallic  packinj  a     . 

12 
I2i 

13 
14 

80 

83i 

87 

90 

93 

93 
8i 

8 
I2;i 
12 
10 
10 

5i 

3 
I 

2 

H 
30 

I 

5J 

7i 

7 
6 

3 

80 

75 

75 
76 

2 

83i 
70 

For  an  efficient  arrangement  of  metallic  packing,  see  page  402. 

Plastic  White-Metal. — An  antifriction  plastic  white-metal  for  the 
bearings  of  marine  engines,  and  of  various  high-speed  engines,  general 
machinery,  and  shafting :  and  also  for  lining  bearings  and  the  glands  of 
stuffing-boxes;  is  composed  of  76 J  per  cent,  of  tin,  14  per  cent,  of 
antimony,  2  per  cent,  of  lead,  7J  per  cent,  of  copper,  and  J  per  cent,  of 
nickel. 

Copper  and  Tin  Alloys. — Bronze  and  gun-metal  are  composed  princi- 
pally of  copper.  There  are  a  great  number  of  bronze-bearing-metals  of 
different  composition,  many  of  which  contain  a  considerable  quantity  of 
lead  for  the  purpose  of  imparting  antifrictional  qualities  to,  and  increasing 
the  wear-resisting  properties  of,  the  alloys.  Some  of  the  numerous  bronzes 
in  use  are  given  in  the  following  Table : — 

Table  120. — Composition  of  Bronzes  for  Bearing-Metals  and 

Other  Purposes. 


Descripliona 

Copper. 

Tin. 

Lead. 

Zinc. 

Bronze  for  general  purposes     . 
Ferro-bronze  bearing-metal,  J  iron       .     . 
Ferro-bronze  bearing-metal,  i  iron  . 
Ferro-bronze  bearing-metal,  J  iron       .     . 
Ferro-bronze  bearing-metal,  ij  iron 
Ferro-bronze  bearing-metal,  J  iron       .     . 
Ferro-bronze  bearing-metal,  J  iron  . 

43J- 

55i 

59 

59 
60^ 

7oi 

90J 

1} 

1 

2 
2 

I 

4} 
2i 

3 

5 

55 

35 
38 

37 

10} 

2 
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Table  120  r(?«///i«^^.— Composition  of  Bronzes  for  Bearing-Metals  and 

Other  PiR-osrs. 


D<  •-<  ription. 

(ojipcr. 

Tin. 

Lead. 

Zinc. 

Bronze  bearing-metal 

74 

9i 

7 

9i 

Carbon-bronze  bearing-metal,  J-  carbon    . 

752 

9l 

I4l 



Tungsten-bronze  bearing-metal,  i  tungsten 

76 

10 

13 

Graphite-bronze  bearing-metal,  i  grai)hite 

76  i 

9i 

i3i 

Wolf  ram -bronze  bearing-metal,  i  wolfram 

76  J 

8 

i4i 

— _ 

Silver-bronze   bearing-metal,    i    German 

silver 

76  J 

8i 

14 

Bronze  bearing-metal 

76  J 

lOj 

I2i 

Bronze  bearing-metal       .... 

76  i 

ii.i 

Ilj 

Nickel-bronze  bearing-metal,  i  nickel 

76 1 

7i 

ul 

Cornish-bronze  bearing-metal      .        .     . 

77 

9i 

I2i 

I 

Bronze  bearing-metal       .... 

11 

7 

16 

American-railway  bronze  bearlng-melal    . 

77 

8 

IS 

Bronze  bearing-metal,  J  cadmium,  J  nickel 

77 

6  J 

i4i 

I 

American-railway  phosphor-bronze  bear- 

ing-metal, '8  phosphorus .         .         .     . 

797 

10 

9i 

Bronze  bearing-metal       .... 

7«; 

9 

12 

Bronze  bearing-metal 

79 

18 

1 
'i 

2l 

Arsenic-bronze  bearing-metal,  J  arsenic   . 

79 

10 

loi 

Bronze  bearing-metal       .... 

8o 

18 

2 

Bronze  bearing-metal 

8^ 

7 

12 

I 

Arsenic-bronze  bearing-metal,  -J  arsenic    . 

?>} 

II 

^'  1 

/  i 

Bronze  bearing-metal       .... 

82 

16 

— 

2 

Bronze  for  general  purposes         .         .     . 

8 -'J 

3j 

I3J 

Bronze  bearing-metal       .... 

83 

U 

4 

Bronze  bearing-metal 

83 

15 

2 

Bronze  bearing-metal       .... 

84 

14 

2 

Bronze  bearing-metal 

84 

16 

Bronze  bearing-metal       .... 

85 

6 

9 

Bronze  bearing-metal 

85 

14 

I 

Bronze  bearing-metal       .... 

85} 

12; 

2 

Bronze  for  bearings,  and  slide-valves   .     . 

86 

I2| 

li 

i 

Bronze  bearing-metal       .... 

86 

14 

Bronze  bearing-metal 

87  i 

I2i 

— 

Bronze  bearing-metal       .... 

88 

10 

2 

Bronze  bearing-metal 

88} 

icl- 

l\ 

Bronze  bearing-metal       .... 

89 

2\ 

8i 

Chrome-bronze  bearing-metal,  2  chromium 

89 

9 

— 

Bronze  bearing-metal 

89 

loi 

— 

i 

Phosphor-bronze  bearing-metal,  10  phos- 

phor-tin        

90 

— 

Bronze  for  general  purposes        .        .     . 

90 

2 

2 

6 

Tough-bronze 

91 

4l 

4.i 

Phosphor-bronze  for    general    purposes. 

8  phosphor-tin 

92 
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Table  iiocon/inued.—  Co^posnion  of  Bronzes  for  Bearing-Metals  and 

Other  Purposes. 


Description. 


Silicon-bronze,  5  silicon  . 

Silicon-bronze,  3  silicon 

Bronze  for  screw-studs,  and  bolts 

Nickel-bronze,  43!  nickel    . 

Nickle-bronze,  20  nickel  . 

Nickel-aluminium  bronze,  6  J  nickel,  6^ 
aluminium 

Ferro-aluminium  bronze,  58  electrolytic- 
copper,  4  ferro-aluminium,  containing 
50  per  cent,  of  iron      .        .        .        . 

Ferro-aluminium-bronze,  4  ferro-alumi- 
nium, I J  ferro-manganese,  containing 
50  per  cent,  of  iron  .        .        .     . 

Art-bronze  for  ornamental  work,  i  anti- 
mony ....... 

Art-bronze  for  ornamental  work  .        .     . 

Art-bronze  for  ornamental  work 

Art-bronze  for  ornamental  work  .        .     . 


Copper. 

Tin. 

Lead. 

95 

97 

97 

3 

— ^— 

25 

70 

87 

— 

42 

I 

60 

40 

68 

5i 

17 

77 

5 

12 

82 

5 

10 

89 

3 

5 

Zinc. 


3ii 

10 


9 
6 

3 
3 


Table  121. — Composition  of  Brass  and  Gun-Metal  for  Various 

Purposes. 


Description. 

Copper. 

Tin. 

Lead. 

Zinc. 

Yellow-brass 

2 

I 

White-brass        .        .         .        .         ^     . 

33 

— 

ty 

White-brass 

45 

Yellow-brass 

50 

50 

Hard  gun-metal  for  bearings,  41  hard  gun- 

f\ 

metal  scrap 

51 

8 

Sheathing-metal 

56 

44 

Strong  brass 

5«i 

2} 

39i 

Ferro-brass,  i  iron 

61 

38i 

Tough  brass 

61 

39 

Yellow-brass 

62 

4i 

4i 

29 

Brass  for  lining  pumps    .... 

62 

I 

37 

Yellow-brass 

64 

4 

32 

Gun-metal  for  bearings    .... 

64 

I 

I 

Gun-metal  for  common  beari:i;;s          .     . 

64 

4 

4 

8 

Gun-metal  for  bearings    .... 

64 

8 

I 

Yellow-brass 

65 

2 

33 

Yellow-brass 

66 

— 

34 

Yellow-brass 

66 

« 

I 

33 
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Table  lai  coniinued, — Composition  of  Brass  and  Gun-Metal  for 

Various  Purposks. 


Dc:>criptlon. 

Copper. 

Tin. 

Lead. 

Zinc. 

Brass  for  tubes 

68 

_ 

22 

Yellow-brass  for  tubes  and  castings     .     . 

70 

30 

Gun-metal  for  general  purposes,  18  gun- 

metal-scrap  

70 

4 

4 

4 

Brass  for  piston-rings 

72 

— 

28 

Sheet-brass 

73i 

3i 

23 

Brass  for  bearings,  and  general  purposes  . 

77 

Hi 

Hi 

Hard  gun-metal  for  bearings       .        .     . 

78 

21 

^^^^ 

I 

Gun-metal  for  the    slides   of    hydraulic 

engines        ...... 

78 

22 

— 

1 

Brass  for  casting  on  as  a  covering  for  iron 

pump-rods 

78  i 

6i 

— 

15 

Gun-metal    for  the   slides    of    hydraulic 

engines 

79 

21 

— 

— 

Brass  for  tubes 

80 

— 

— 

20 

Gun-metal  for  general  purposes 

80 

6 

6 

'8 

Gun-metal  for  common  bearings          .     . 

80 

5 

5 

10 

Gun-metal  for  general  purposes 

80 

10 

6 

4 

Hard-brass 

So 

14 

— 

6 

Gun-metal   for   shrill -toned   whistles  of 

locomotives,  2  antimony 

80 

18 

— 

Gun-metal    for    deep-toned  whistles    of 

locomotives,  2  antimony  .        .         .     . 

81 

17 

— 

Metal  for  gongs 

8ii 

i8i 

Brass  for  stamping 

81 

2 

17 

Gun-metal  for  whistles  of  locomotives 

82 

16 

2 

Gun-metal  for  slide-valves 

82 

143 

3i 

Gun-metal  for  heavy  piston-rings,  and  for 

hydraulic  valves 

82 

18 

Brass  for  general  purposes 

83 

2 

15 

Gun-metal  for  general  purposes  .         .     . 

83 

15 

\ 

li 

Gun-metal  for  common  bearings 

83 

16 

4 

\ 

Gun-metal  for  slide-valves  .         .         .     . 

83i 

lOi 

64 

Strong  and  close-grained  brass 

83i 

81 

84 

Gun-metal  for  screw-propellers    .         .     . 

84 

10^ 

— 

54 

Gun-metal  for  slide-valves,  bearings,  and 

^  ^ 

small  toothed  wheels    .... 

84 

12 

4 

Gun-metal  for  eccentric-straps     .         .     . 

84 

14 

2 

Gun-metal  for  eccentric-straps 

844 

i5i- 

Brass  for  general  purposes  .         .         .     . 

85 

5 

10 

Brass  for  general  purposes 

85 

6^ 

4i 

44 

Gun-metal  for  keys  of  wheels      .         .     . 

85 

15 



Gun-metal  for  valves        .... 

86 

9\ 

4i 

Gun-metal  for  piston-rings  .        .        .    . 

86 

12 

I 

■ 
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Table  121  continued, — Composition  of  Brass  and  Gun-Metal  for 

Various  Purposes. 


Description. 

Copper. 

Tin. 

Lead. 

Zinc. 

Gun-metal  for  valves,  and  stufFing-boxcs  . 

86} 

10} 

3i 

Red  brass 

87 

4i 

4^ 

4i 

Gun-metal  for  pumps  and  other  work 

87 

8 



5 

Gun-metal  for  pumps  and  pump-linings  . 

87 

10 

a 

li 

Gun-metal  for  general  purposes  .        .     . 

87 

8 

li 

l\ 

Gun-metal  for  general  purposes       • 

87J 

II 

li 

Gun-metal  for  general  purposes  .        .     . 

8/1 

9f 

A 

Brass  for  pumps  and  valves 

873 

li 

\o\ 

Gun-metal  for  piston-rings  .         .         .     . 

88 

10 

2 

Gun-metal  for  general  purposes 

88 

II 

I 

Gun-metal  for  piston-rods  .         .         .     . 

88 

12 

Gun-metal  for  piston-rings  of  locomotives 

89 

2 

9 

Gun-metal  for  pumps  and  other  work 

89 

8 

3 

Gun-metal  for  large  toothed  wheels     .     . 

89 

8i 

2i 

Gun-metal  for  general  purposes 

^ 

9 

2 

Gun-metal  for  piston-rings  .         .         .     . 

89J 

loi 

Brass  for  general  purposes 

90 

— _ 

\ 

10 

Gun  metal  for  stuffing-boxes        .         .     . 

90} 

3i 

6i 

Gun-metal  for  valves  and  other  purposes  . 

91 

5 

4 

Gun-metal  for  general  purposes 

9' 

7 

2 

Gun-metal  for  valves  and  other  purposes . 

91^ 

5i 

3 

Gun-metal  for  general  purposes  .        .     . 

92« 

5 

2h 

Gun-metal  for  general  purposes 

6 

I 

i 

Gun-metal  for  general  purposes  .         .     . 

7 

I 

i 

Gun-metal  for  locomotive  engine  work     . 

8 

I 

Gun-metal    for   bearings    of    locomotive 

engines 

16 

2\ 



Gun-metal  for  slide-valves  of  locomotive 

engines 

16 

2\ 

4 

Brass  for  the  flanges  of  copper  pipes 

16 

3 

Fine  brass  for  light,  fine  castings 

16 

I 

I 

I 

Fine  brass  for  light,  finest  castings       .     . 

16 

I 

f 

S 

Table  122. — Composition  of  Miscellaneous  Alloys  for  Various 

Purposes. 


Description. 


Imitation  gold      .... 
Mystery  gold,  2\  silver  :  32  plati- 
num   .        •        .        .        .     • 
Pinchbeck,  2  brass 


Copper. 

Tin. 

Lead. 

Zinc. 

Anti- 
mony. 

94 

6 

65  i 

: — 

— 

3 

^^^ 

"""" 
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Table  12a  continued. — Composition  of  Miscellaneous  Alloys  for 

Various  Purposes. 


Description. 

Copper. 

Tin. 

Lead. 

Zinc 

Anti- 
mony. 

Silverine,  2   cobalt:    2    iron:    17 

nickel 

77 

2 

Ferro  white-metal,    i  cobalt :    i 

iron :  20  nickel 

78 

^^m^mm 

Ferro  white-metal,  3  iron :  50  nickel 

7 

40 

White-metal,  62   aluminium  :    15 

magnesium 

3 

20 

Magnalium,  from   70  to   90  per 

cent,  aluminium :  from  10  to  30 

per  cent,  magnesium 

Fine  German-silver,  i   iron:    10 

nickel 

20 

10 

German-silver,  15  nickel 

60 

25 



German-silver-plate,  25  nickel 

60 

3 

20 

German-silver,  25  nickel.         .     . 

50 

25 

German-silver,  33  J  nickel     . 

33  i- 

33i- 

Britannia-metal        .         .         .     . 

82 

2 

16 

Britannia-metal    .... 

I 

86 

3 

10 

Pewter 

85? 

I4i 

Pewter 

90 

10 

Pewter-plate,  ij  bismuth          .     . 

.  iJ 

89 

7\ 

Princess-metal     .... 

3 

I 

Princess-metal,  8  brass    .         .     . 

I 

Red  tombac         .... 

II 

2 

Gilding-metal,  i  brass     .        .     . 

4 

I 

Gilding-metal      .... 

14 

4 

6 

Stereotype-metal     .         .         .     . 

2 

5 

16 

3 

Stereotype-metal  .... 

8 

20 

I 

Metal  for  medals     .                  .     . 

91 

2 

I 

6 

Metal  for  medals 

100 

7 

7 

Metal  for  medals     .         .         .     . 

100 

8 

Common  bell-melal     . 

5 

I 

Bell-metal 

75 

25 

Bell-metal 

78 

22 

____ 

Bell-metal  for  bells  of  all  sizes 

80 

20 

Bell-metal 

80 

io.i 

4 

5i 

Alloy  to  resist  acids         .         .     . 

I 

16 

I 

Alloy  to  resist  acids  and  alkalies  . 

15 

234 

1-82 

I 

Art-metal,  49  silver 

51 

Art-metal,  i  nickel:  32  silver 

67 

Art-metal,  \  nickel:   i  silver:  4 

gold 

95  i 

Art-metal,  i  nickel:  ij  silver,  3 

gold 

C4 

\ 

1 
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Table  122  continued, — Composition  of  Miscellaneous  Alloys  for 

Various  Purposes. 


Description. 


Light  and  strong  alloy,  70  alu- 
minum        .        .        .         .     . 

Light  and  strong  alloy,  72  alu- 
minium     

Metal  for  filling  holes  and  defects 
in  castings 

Metal  for  filling  holes  and  defects 
in  castings,  \  aluminium  . 

Speculum-metal      .        .        ,    . 

Rosse's  speculum-metal 

Schroder's  speculum  metal      .    . 

Schroder's  speculum  metal,  10 
silver 

Brandes  and  Schunemann's  anti- 
rust  speculum  metal,  26  nickel; 
8 iron:  i  antimony      .        ,     . 

Mach's  speculum  metal,  2  alu- 
minium and  I  magnesium:  or 
I  aluminium  and  either  1*5  or 
175  magnesium  .        .        .     . 

Fusible  alloy,  melts  at  155''  Fahr., 
50  bismuth  :  13  cadmium 

Wood's  fusible  alloy,  melts  at 
158^  Fahr.,  55}  bismuth:  16} 
cadmium 

Fusible  alloy,  melts  at  199*^  Fahr., 

5  bismuth         .        .         .         . 
Rose's  fusible  alloy,  melts  at  201° 

Fahr.,  2  bismuth  .         .         .     . 
Newton's  fusible  alloy,  melts  at 

212'' Fahr.,  8  bismuth 
Fusible  alloy,  melts  at  212**  Fahr., 

2\  bismuth 

Type-metal  for  smallest  type 
Type-metal  for  small  type        .     . 
Type-metal  for  medium-sized  type 
Type-metal  for  large  type    . 
Type-metal  for  the  largest  type    . 
Dynamo-brush  alloy,  '2  bismuth  : 

•3  cadmium      .... 
White-metal  for  small   castings, 

6  bismuth    .        •         ,        .     . 
Brass  for  cartridges     .       .  '    ! 


Copper. 


10 

7 

68 
66 

60 


41 


98 


93 


Tin. 


20 


4 
22 

30 


24 


12 


i3f 


2 
I 

3 


Lead. 


60 


25 

3 
I 

5 

4 

3 

4 

5 

6 
7 


13 


Zinc. 


Anti- 
mony. 


30 
24 


20 


89J 
3 

13 


Ij 
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Table  122  continued, — Composition  op  Miscellaneous  Alloys  for 

Various  Purposes. 


Di  scriptlon. 

Copper. 

Tin. 

Lead. 

Zinc. 

Anti- 
mony. 

Solder  for  brazing  copper,  brass, 

and  gun-metal     .         .         .     . 

50 

50 

Solder   for    brazing   copper  and 

gun-metal         .... 

53        — 

47 

Solder   for    brazing   copper    and 

gun-metal 

52 



48 

Solder   for    brazing   copper    and 

brass ...... 

52 

I 

47 

Hard    solder    for    brazing    iron, 

copper  and  bronze        .        .     . 

70 

30 

Solder  for    brazing   copper    and 

bronze,  i  aluminium 

5» 



47 

Solder  for  brazing  steel  and  bronze 

55 

I 

44 

Solder  for  brazing  steel  and  bronze, 

I  aluminium        .        .        .     . 

55 



44 

Solder  for  brazing  steel  and  bronze, 

90  silver :  5  brass     . 

5 

Solder    for    brazing    aluminium 

bronze         •        •        •        •     . 

52 

2 

46 

Manganese-Bronie. — Manganese-bronze  resists  the  action  of  sea- 
water,  and  is  a  strong  and  tough  metal.  It  varies  considerably  in 
composition,  but  it  is  frequently  as  given  in  the  following  Table  : — 

Table  123. — Composition  of  Various  Manganese  Bronzes. 


Description. 

Copper. 

zinc. 

Tin. 

Man- 
ganese. 

Iron. 

Lead. 

Manganese-bronze  for  genera 

purposes  .... 

44 

55 

I 

•04 

— 

Manganese-bronze  for  scre\\ 

propellers     and     toothed 

wheels,  i\  aluminium  .     . 

53 

42 

93  • 

3-* 

Manganese-bronze  for  bolts. 

screw-studs,   and    general 

purposes  .... 

59 

35 

i 

9I 
32 

ij 

k 

Manganese-bronze  for  bolts, 

screw  -  studs,   plates,   and 

general  purposes  .        .     . 

60 

37 

I 

•05 

2 

— 

Manganese-bronze  for  general 

purposes  «... 

60 

38J 

•05 

li 

-^■^ 
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■Table  123  continued, — Composition  of  Various  Manganese  Bronzes. 


Description. 


Manganese-bronze  for  bolts, 
screw-studs,  and  general 
purposes,  f  nickel         .     . 

Manganese-bronze,  7  ferro- 
manganese,  containing  50 
per  cent,  of  iron 

Manganese-bronze  for  general 
purposes,  4  nickel         .     . 

Manganese-bronze  for  screw- 
propellers,  li  aluminium : 
5  manganese-copper 

Manganese-bronze  for  screw- 
propellers,  i\  aluminium: 
5  manganese-copper 

Manganese-bronze  for  slide- 
valves  and  bearings  • 

Manganese-silver,  a  substi- 
tute for  German-silver,  i\ 
aluminium   .        .        .     . 

Manganese-alloy  for  screw- 

ulaVo  •  •  •  • 

Manganese-alloy  for  stay- 
bolts    ...        .     . 


Copper. 

Zinc. 

Tin. 

(,i\ 

36 



63 

33 

84 

84 

4 

• 

85 

5 

86 

i 

I2i 

67J 

13 

95^ 

96 

Man- 
ganese. 


12 


Iron. 


i 


-        5i 

6 

•06 

—        i8i 


Ar\ 


—  4 


Lead. 


l\ 


Strength  of  Bronze  and  other  SCetals  at  High  Temperatures. 

— ^The  strength  of  bronze  and  other  metals  is  considerably  reduced  at  high 
temperatures,  as  will  be  seen  from  the  following  Table  : — 

Table  124. — Strength  of  Bronze  and  other  Metals  at  High 

Temperatures. 


Description. 

Tem- 
perature 

in 
Degrees 

Fahr. 

Tensile 
Strength 
in  Tons 

per 

Square 

Inch. 

Elonga- 
tion per 
Cent. 

Elastic 
Limit 

in  Tons 
per 

Square 
Inch. 

Authority. 

Bronze,  composed  of  91*35  per 
cent,  of  copper:  5-45  per  cent, 
of  tin:  2*87  per  cent,  of  zinc  : 
•28   per  cent,   of  lead :    and 
•025  per  cent,  of  iron 

>i            >>            »            •     • 
»>            ♦>            >»        •        • 

68° 
212° 

392° 

1 5 '30 
15-45 
14-54 

36-3 

35*4 
347 

C.  Bach. 
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Table  124  conHnued, — Strength  of  Bronze  and  other  Metals  at 

High  Temperature. 


Tem- 
perature 

in 
Degrees 

Fahr 

Tensile 

Elastic 

Description. 

Strength 
in  Tons 

per 
Square 

Elonga- 
tion per 
Cent 

Limit 
in  Tons 

Square 

Authority. 

■ 

A^«U1*« 

Inch. 

Inch. 

Bronze,  composed   of  9*35  per 

cent. of  copper:  5-45  per  cent. 

of  tin :  287  per  cent,  of  zinc : 

•28  per  cent,  of    lead:    and 

•025  per  cent,  of  iron .        .    . 

572° 

870 

II-5 

C.  Bach. 

»>            >»            »»        •        • 

752° 

3'95 

0 

ff 

>»                      »»                      M                      •        • 

932° 

2'8o 

0 



if 

Gun-metal,  composed  of  87  per 

^   •r 

cent,  of  copper:  8  per  cent,  of 

tin :  3^  per  cent,  of  zinc :  and 

(  Alfred 

.  i\  per  cent,  of  lead 

50° 

1234 

14-64 

8-38 

Blecb- 
V  ynden. 

»>               >»               >i     • 

400° 

10-83 

11-79 

630 

>9 

Gun-metal,  composed  of  87  per 

cent,  of  copper;  8  per  cent,  of 

tin :  and  5  per  cent,  of  zinc    . 

5°° 

13-86 

20*30 

8-33 

ff 

»               it               ft     • 

458° 

1070 

1243 

743 

tf 

Bronze,  composed  of  58"86  per 

cent,  of    copper :    35*15   per 

cent,  of  zinc :  72  per  cent,  of 

tin:  3*64   per  cent,  of  man- 

ganese :  '51  per  cent,  of  lead  : 

f  W.  G. 
\   PeeL 

and  1*27  per  cent,  of  iron 

60° 

3S-8 

31 

>»                »               >» 

370° 

28-0 

27-5 

tf 

Bronze,  composed  of  61 '89  per 

cent,   of  copper  :    36*18    per 

cent,  of  zinc  :  '85  per  cent,  of 

manganese:  '63  per  cent,  of 

iron :  '60  per  cent,  of  nickel  . 

60° 

2370 

58-2 

ft 

ft               tt               tt     • 

370° 

20-40 

643 

3i 

Bronze,  composed  of  97*18  per 

cent,  of  copper :  2*85  per  cent. 

of  tin:  '01  phosphorus    . 

60° 

22'8o 

44'0 

ti 

• 
»                tt               tt 

370° 

2070 

420 

tf 

Bronze,  composed  of  85*81  per 

cent,  of  copper:  '14  per  cent. 

of  zinc:  12 '2 2  of  tin:  '06  per 

cent,  of  manganese:  1*56  per 

cent,  of  lead :  "23  per  cent,  of 

antimony       •        •        •        . 

60° 

13-10 

6*6 



H 

ft               tt               ft 

370° 

13-00 

8-5 

ft 
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Table  124  con/inued,— Strength  of  Bronze  and  other  Metals  at 

High  Temperatures. 


T"— . 

Tensile 

Elastic 

Tem- 
perature 

Strength 
in  Tons 

Elonga- 

Limit 
in  Tons 

Description. 

in 

Degrees 

Fahr. 

per 

Square 

Inch. 

tion  per 
Cent. 

per 

Square 

Inch. 

Authority. 

Bronze  composed  of  96 1  per  cent. 

of  copper  and  34  per  cent,  of 

(  M.  Du 

manganese     .... 

60° 

20-00 

39 

Bous- 
quet. 

it                       if                       »              •       • 

212° 

2ri8 

34-9 

*i 

'J                        ft                       tt       *              • 

392° 

1975 

34*2 

tt 

Bronze  composed  of  9 1  per  cent. 

of  copper,  4  per  cent,  of  zinc, 

/M.  Ha- 
(^  berer. 

and  5  per  cent,  of  tin         •    . 

68° 

8-50 

367 

»              It              i»     •        • 

392° 

8-00 

35*2 

tt 

»i              »i              j>        •     • 

573° 

4-84 

11*7 

tt 

J»                          it                         it        •               ' 

752° 

2'2I 

it 

Copper 

60° 

14-90 

52 

(  W.  G. 
i    Peet. 

Copper 

370° 

12*20 

507 

tt 
i     Dr. 

\  Waldo. 

Swedish  open-hearth  steel      .     . 

59° 

35'40 

— 

tt                  a                  9t      •           ' 

1800° 

7-80 

tt 

It                          tt                          M                •         • 

2370° 

•87 

tt 

Brass          

59° 

36II 

tt 

,,        •         •         .         .         .     . 

1800° 

1-23 

tt 

,,    •         •         .         .         •         . 

2370° 

•II 

tt 

Aluminium-bronze         .         .     . 

59° 

42-85 

ti 

*t              »          •         •         • 

1800° 

2-72 

— 

tt 

It              >>•••• 

2370° 

1-88 

it 

Aluminium        .... 

59° 

11-68 

Chate- 
l    lier. 

tt           •         .         .         .     . 

212° 

9*5 

tt 

,,..... 

302° 

8-1 

tt 

it           ..... 

392° 

6'3 

tt 

,,*.... 

572° 

3-6 

It 

it           ..... 

860° 

I'O 

it 

Wear-B68i8ti2ig  Qualities  of  Bearing  SCetals. — The  wear-resisdng 
quality  of  the  bearing  of  a  journal  of  a  shaft  increases  with  its  length.  The 
wear-resisting  qualities  of  bearing-metals  vary  considerably,  according  to 
the  nature  and  composition  of  the  materials,  but  those  of  fine,  close-grained 
homogeneous  structure,  and  of  tough  quality,  generally  wear  the  longest. 
The  wear-resisting  qualities  of    bearing-metals,  as  compared  with  the 
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resistance  to  wear  of  fine  bronze,  under  the  same  conditions,  are  frequentiy 
as  follo^^3 : — 

Relative 

Wear-Resisttng 

Qualities. 

Bronze  bearing-metal  of  fine  quality I'oo 

Cast-iron  bearings '85 

Gun-metal  bearings,  composed  of  7  parts  of  copper,  and 

I  part  of  tin          .        .        .        ...        .                •  '5° 

Brass  bearings  of  average  quality '30 

It  will  be  seen  from  the  above  table  that  bearings  of  gun-metal  may 
in  some  cases  wear  only  one-half  as  long  a  time  as  those  ^f  bronze  of  fine 
quality. 

The  antifrictional  and  wear-resisting  qualities  of  bearing-metals,  compared 
with  those  of  hard-antifriction  white-metal  of  fine  quality,  under  the  same 
conditions,  are  frequently  as  follows : — 

Relative  Relative 

Antifrictional    Wear-Reasting 

Qualities.  Qualities. 

Hard-antifriction  white-metal  bearings      .        .  I'oo  I'oo 

Cast-iron  bearings 'So  '85 

Bronze  bearings 75  '60 

Gun-metal  bearings '66  '30 

Brass  bearings '50  '20 

It  will  be  seen  from  the  above  Table  that  the  antifrictional  property  of 
bronze  bearings  is  frequently  25  per  cent,  less  than  that  of  antifriction 
white-metal  bearings ;  and  that  bearings  of  bronze  may  in  some  cases  only 
wear  about  two-thirds  as  long  a  time  as  those  of  antifriction  white-metal  of 
fine  hard  quality. 

Friction  of  the  Journals  of  Sliafts  in  Bearings. — Friction  is 
governed  by  pressure.  The  friction  of  a  revolving  body  is  nearly,  but  not 
quite,  independent  of  its  velocity. 

The  friction  of  any  two  surfaces  when  no  lubricant  is  interposed  is 
directly  proportional  to  the  force  with  which  they  are  pressed  together,  and 
it  is  entirely  independent  of  the  extent  of  the  surfaces  in  contact.  But 
when  the  surfaces  are  lubricated,  the  amount  of  friction  depends  also  upon 
the  adhesive  nature  of  the  lubricant,  and  the  effect  is  in  proportion  to  the 
extent  of  the  surfaces  between  which  it  is  interposed. 

Friction  is,  consequently,  largely  dependent  upon  the  character  of  the 
lubricant  used.  Many  oils  and  greases  contain  a  considerable  quantity  of 
gummy  matter,  which  clogs,  and  increases  the  friction  of  the  surfaces  of  the 
bearings  of  the  journals  of  shafts. 

Causes  of  Excessive  Friction. — ^When  friction  is  so  great  that  the 
surfaces  become  much  worn  and  torn,'  it  is  further  increased  by  the  abraded 
metal.  Friction  may  be  increased  by  the  sparse  use  of  good  lubricants, 
and  by  the  employment  of  unsuitable  lubricants.  Friction  is  also  very 
much  increased  by  irregular,  imeven,  and  untrue  surfaces ;  by  bent, 
wobbling,  and  unlevel  shafts ;  by  improperly  adjusted  and  excessively  worn 
bearings ;  and  also  by  shafting  sprung  out  of  a  true  line  by  the  pull  of  belts, 
or  by  an  overload  of  pulleys  or  toothed-wheels.  In  the  latter  case  the 
increase  of  friction  is  seldom  less  than  fifty  per  cent.,  and  it  may  be 
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considerably  greater  according  to  the  tightness  of  the  belts,  or  to  the  amount 
of  the  overload.  Friction  may  also  be  increased  by  lobsided  and  unbalanced 
pulleys  and  toothed-wheels,  and  by  wheels  and  pulleys  overhanging  the  ends 
of  shafts. 

Friction  and  Kechanical  Efficiency  of  Steam-Engines. — Friction 
represents  that  portion  of  the  indicated-horse-power  expended  in  wearing 
out  an  engine.  The  greater  the  number  of  moving  parts,  or  the  more 
complicated  the  design,  of  an  engine,  the  greater  is  its  frictional 
resistance. 

The  mechanical  efficiency  of  an  engine  per  cent,  is  the  indicated-horse- 
power minus  the  power  absorbed  by  friction,  and  it  is  » 

The  brake  horse-power  of  the  engine. 
The  indicated-horse-power  of  the  engine. 

The  results  of  experiments  by  Dr.  Thurston  on  the  distribution  of  friction 
in  direct-acting  non-condensing  steam  engines  having  balanced  slide-valves, 
showed  that  from  37  per  cent,  to  40  per  cent,  of  the  frictional  resistance  is 
at  the  main  bearings,  33  per  cent,  at  the  piston  and  piston-rod,  7  per  cent, 
at  the  crank-pin,  5^  per  cent,  at  the  cross-head  and  gudgeon,  2J  per  cent, 
at  the  valve  and  valve-rod,  and  5}  per  cent,  at  the  eccentric-strap.  An 
unbalanced  slide-valve  absorbed  26 J  per  cent,  of  the  whole  resistance. 
In  a  condensing  engine  the  air-pump  caused  la  per  cent,  of  the 
resistance. 

The  following  are  the  results  of  some  tests  of  the  frictional  resistance 
and  mechanical  efficiency  of  steam-engines : — 

A  set  of  1,300  indicated-horse-power  horizontal  compound,  or  double 
expansion,  condensing  mill  steam-engines,  with  two  cylinders,  by  Hick, 
Hargreaves  &  Co.,  Limited,  Bolton,  showed  a  loss  by  friction  of  76  indicated- 
horse-power  =  5'85  per  cent.  The  mechanical  efficiency  was  100— 5*85 
per  cent.  =  94*15  per  cent. 

A  set  of  1,600  indicated-horse-power  horizontal  triple  -  expansion 
condensing  mill  steam-engines,  with  four  cylinders,  by  Hick,  Hargreaves  & 
Co.,  Limited,  Bolton,  showed  a  loss  by  friction  of  141  indicated-horse- 
power =  S'S  per  cent.  The  mechanical  efficiency  was  160 -8'8  =  91*2 
per  cent. 

A  set  of  disconnective  quadruple-expansion  vertical  surface-condensing 
marine  engines  of  521  indicated-horse-power,  with  two  cranks,  and  four 
cylinders  with  piston-valves,  by  Rankin  &  Blackmore,  Greenock,  showed  a 
loss  by  friction  of  875  per  cent.  The  mechanical  efficiency  was  91 '2 5  per 
cent. 

A  set  of  disconnective  quadruple-expansion  vertical  surface-condensing 
marine  engines  of  538  indicated-horse-power,  with  three  cranks,  and  six 
cylinders,  with  flat  slide-valves,  by  Rankin  &  Blackmore,  Greenock,  showed 
a  loss  by  friction  of  12  percent.  The  mechanical  efficiency  was  88  per 
cent.  An  experiment  was  made  with  these  engines  working  as  a  triple- 
expansion  engine  with  the  three  high-pressure  cylinders  disconnected,  when 
the  friction  was  10  per  cent.,  or  2  per  cent,  less  than  when  working  as  a 
quadruple-expansion  engine.  The  mechanical  efficiency  was  90  per 
cent. 

The  friction  of  four  sets  of  vertical  triple-expansion  condensing  steam- 
pumping-engines  for  waterworks,  by  different  makers,  of  100,  350,  550, 
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and  1,100  indicated-horse-power  was  respectively  15  per  cent.,  13  per  cent., 
10  per  cent.,  and  9  per  cent.  The  mechanical  efficiency  was  respectively 
85  per  cent.,  87  per  cent.,  90  per  cent.,  and  91  per  cent. 

With  the  exception  of  one  of  the  pumping  engines,  in  all  of  the  preceding 
tests  of  steam-engines  the  frictionai  resistance  is  lower  and  the  mechanical 
efficiency  is  higher  than  it  usually  is.  The  average  lowest  and  highest 
friction  and  mechanical  efficiency  of  steam-engines  of  different  types, 
expressed  as  a  percentage  of  the  total  indicated-horse-power  developed  by 
the  engines  is,  under  ordinary  working  conditions,  generally  as  follows : — 

Average 
Average  Mechanical 

Friction  Efficiency 

Per  CenL  Per  Cent. 

Corliss  engines     •        •        .        .  from  8  to  13  from  87  to  93 

Double-expansion  condensing  mill 

engines „  8  to  15  „  85  to  92 

Triple-expansion  condensing  mill 

engines ,  10  to  20  „  80  to  90 

Quadruple-expansion    condensing 

mill  engines ,  12  to  25  „  751088 

Single-cylinder    condensing    mill 

engines ,  15  to  25  „  75  to  85 

Large  pumping  engines    •        .     .     „  10  to  15  „  85  to  90 

Small  pumping  engines         .        .     „  12  to  18  „  82  to  88 

Double  -  expansion  surface  -  con- 
densing marine  engines        .    .     „  12  to  18  „  82  to  88 

Triple  -  expansion  surface  -  con- 
densing marine  engines     ,        .     „  14  to  23  „  77  to  86 

Quadruple-expansion  surface-con- 
densing marine  engines        •    •     „  16  to  28  „  72  to  84 

Portable  engines  .        .        •        .     „  1 1  to  2  5  ,.  75  to  89 

Large  non-condensing  engines      .     „  8  to  27  „  73  to  92 

Small  non-condensing  engines      .      „  10  to  30  „  70  to  90 

Compound  non-condensing  engines     „  12  to  28  „  72  to  88 

The  frictionai  resistance  of  a  steam-engine  increases  very  slowly  with  the 
load.  In  some  cases,  when  the  load  is  doubled  the  frictionai  resistance  is 
only  increased  by  one-fifth. 

Friction  of  Steam-Engines,  Sliaffcing,  and  Clearing  in  Factories. 

— The  loss  of  power  by,  and  the  quantity  of  fuel  consumed  in  overcoming, 
the  frictionai  resistance  of  steam  engines,  shafting,  and  gearing,  are 
enormous.  It  is  frequently  equal  to  more  than  one-half  of  the  power 
developed  by  the  engines. 

Power  is  generally  transmitted  from  the  crank  shaft  of  the  steam  engine 
of  a  factory  to  the  main  driving  shaft,  called  the  second  motion  shaft,  by 
either  spur-wheel  gearing,  belt  gearing,  or  rope  gearing ;  but  in  some  cases 
the  crank  shaft  is  connected  direct  to  the  main  shaft  by  a  coupling,  and 
this  arrangement  has  the  least  friction.  The  average  friction  of  steam 
engines  and  shafting  with  these  three  different  kinds  of  gearing  in  well- 
arranged  factories  is  generally  as  given  in  the  following  table : — 
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Table  125. — Average  loss  of  Power  by  the  Friction  of  High-Class 
Steam-Engines,  Shafting,  and  Gearing  in  Factories,  Exclusive 
of  the  Friction  of  the  Machinery  Driven  by  the  Shafting, 
THE  Friction  being  Expressed  as  a  Percentage  of  the  Total 
Power  Developed  by  the  Engines. 


Description  of  Work  dene  by  the 
Steam  Engine. 

Friction  of  a 

Steam  Engine 

and  Shaftmg 

with 

Spur-Wheel- 

Gearing. 

Friction  of  a 
Steam  Engine 
and  Shafting 
with  Belt- 
Gearing. 

Friction  of  a 

Steam  Engine 

and  Shafting 

with  Ropo- 

Gearing. 

Steam-engine,  shafting,  and  gearing, 
driving  light  machinery 

Steam-engine,  shafting,  and  gear- 
ing,   driving    moderately  heavy 
machinery 

Steam-engine,  shafting,  and  gearing, 
driving  heavy  machinery 

Per  Cent. 
27 

30 

35 

Per  Cent. 
30 

35 

40 

Per  Cent. 

33 

40 

45 

The  friction  of  worn,  second-rate,  and  badly-arranged  steam  engines, 
shafting  and  gearing  is  generally  at  least  one-third  greater  than  that  given 
in  the  above  table.  The  friction  of  an  engine  and  shafting  with  the  crank- 
shaft coupled  direct  to  the  main-shaft  is  generally  from  20  to  30  per  cent 
less  than  when  spur-wheel  gearing  is  employed. 

Friction  of  Locomotive  Engines. — ^As  the  later  the  steam  is  cut  off 
in  the  cylinders  the  more  uniform  is  the  turning  effort,  the  friction  of  a 
locomotive  engine  increases  as  the  distance  of  the  point  of  cut-off  of  the 
steam  from  the  beginning  of  the  stroke  of  the  piston  decreases.  The 
friction  of  express  locomotive  engines  is  frequently  as  follows  : — 

Table  126. — Friction  of  Locomotive  Engines  at  a  Speed  of 

55  Miles  an  Hour. 


Point  of  cut-oS  of  the 

steam  in  the  Cylinders 

in  percentage  of  the 

length  of  the  stroke  of 

the  Pistons. 

Friction  of  the  Loco- 
motive Engine,  in 
percentage  of  the  total 
power  developed  in 
the  Cylinders. 

Point  of  cut-off  of  the 
steam  in  the  Cylinders, 

in  percentage  of  the 

length  of  the  stroke  of 

the  Pistons. 

Friction  of  the  Loco- 
motive Engine,  in 
percentage  of  the  total 
power  developed  in 
the  Cylinders. 

Per  Cent. 
90 
80 

75 
70 

60 
50 

Per  Cent. 
10 
II 
12 

13 

Per  Cent. 
40 

33 
30 

25 
20 

10 

Per  Cent. 
16 

20 
22 

25 

This  is  simply  the  friction  of  the  working  parts  of  locomotive  engines. 
It  does  not  include  the  rolling  friction,  or  adhesion,  on  the  rails. 

Friction  of  Chui  Engines  and  Oil  Engines. — ^The  friction  of  gas 
engines  of  various  sizes  ranging  from  14  indicated-horse-power  to  80 
indicated-horse-power  was  found  in  some  tests  to  be  from  15  to  33  per 
cent.    The  mechanical  efficiency  was  from  67  to  85  per  cent. 
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The  friction  of  gas  engines  of  various  sizes  ranging  from  lOO  indlcated- 
liorse-power  lo  500  indicated-horse-power  was  found  in  some  tests  to  be  from 
18  to  28  jKjr  cent.    The  mechanical  efficiency  was  from  72  10  82  per  cent. 

The  friction  of  oil  engines  of  various  sizes  ranging  from  7  indicated- 
horse-power  to  25  indicated-horse-power  was  found  in  some  tests  to  be  from 
16  to  33  per  cent.    The  mechanical  efficiency  was  from  77  to  84  per  cent. 

The  friction  of  both  gas  engines  and  oil  engines  under  ordinary  workmg 
conditions  is  generally  from  20  to  30  per  cent.;  and  their  mechanical 
efficiency  is  from  70  to  80  per  cent.  This  does  not  include  the  fiiction  of 
shafting  or  gearing. 

riuid-firiction  of  the  Lubricated  Sur&ces  of  Kachinerj. — ^In  some 
factories  the  f rictional  resistance  of  the  lubricated  surfaces  of  the  machinery 
amounts  to  about  one-half  of  the  effective  power,  or  of  that  available  for 
transmission  by  the  shafting  driven  by  the  engines,  and  the  use  of  either  a 
bad  or  unsuitable  lubricant  might  result  in  the  friction  being  so  much 
increased  as  to  absorb  the  remainder  of  the  power  and  stop  the  engines. 

The  fiuid-friction  of  lubricated  surfaces  is  so  considerable  that  the  greater 
portion  of  the  friction  of  journals  in  bearings  is  generally  entirely  due  to  the 
lubricant  used.  The  quality  of  lubricants  varies  considerably,  and  consequently 
so  does  their  fluid-friction,  and  the  friction  of  bearings  lubricated  by  them, 
but  it  is  frequently  as  given  in  the  following  table,  in  which  sperm-oil,  being 
one  of  the  best  reducers  of  friction,  is  given  as  the  standard  of  comparison. 

Table  127. — Fluid-Friction  of  Different  Lubricants,  and  the  Fric- 
tion OF  THE  Journals  of  a  Shaft  Revolving  in  Bearings  of  Gun- 
Metal,  Lubricated  with  each  of  them  at  the  same  Speed  and 

UNDER   THE   SAME    PRESSURE   AND   CONDITIONS,    AT   6o°    FaHR. 


Description. 

Fluid 

Friction 

oompared 

WlthUiat 

of  Sperm- 

Co-efficient 
of  Friction 

of  a  shaft 
revolving  in 

Bearings 
lubricated 

with  the 
Lubricant. 

• 

Description. 

Fluid 
Friction 
compared 
with  that 
of  Sperm- 
Oil. 

Co-effident ' 
of  Friction 

of  a  shaft 
revolving  in 

Bearings 
lubricated 

with  the 
Lubricant. 

Sperm-oil. 
Kape-oil       .     . 

I'OO 

114 

•07 

•08 

Neatsfoot-oil 
Lard-oil    . 

1-87 
2  00 

•13 
•14 

Mixture  of  heavy 
mineral-oil 

Tallow-oil    .     . 
Heavy  mineral- 

214 

•15 

and    graphite, 
in      equal 

oil  . 
Codfish-oil   .     . 

229 

•16 

•»7 

volumes 

1*29 

•09 

Cotton -seed-oil 

2*57 

•18 

I  Aght    mineral- 

Palm-oil    . 

2-86 

•20 

oil     .        .     . 

1*43 

•10 

Castor-oil     .     . 

314 

•22 

Olive-oil  . 

1*57 

'II 

Axle-grease, 

Mixture  of  heavy 

best 

4-29 

•30 

mineral-oil 

Axle-grease, 

and  spenn-oil, 

common    .     . 

7-14 

•50 

in     equal 

volumes    .    . 

171 

'12 

The  friction  in  the  above  table  represents  that  usually  obtained  with  each 
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Figs.  375  and  376.— Planishing  Tool. 


lubricant  under  ordinary  working  conditions  at  a  moderately  high  speed, 
and  with  a  moderately  high  pressure  and  efficient  ordinary  oiling. 

Beduction  of  Friction  by  Planishing. — To  minimise  friction  it 
is  essential  that  rubbing  surfaces  be  true  and  very  highly  finished,  so 
as  to  obtain  great  smoothness,  as  friction  decreases  as  smoothness 
increases. 

A  superior  finish  may  be  produced  after  turning  by  planishing  piston- 
rods,  valve-spindles,  piston-rings,  eccen- 
trics, the  journals  of  shafts  and  axles,  and 
other  rubbing  surfaces.  The  planishing 
tool  shown  in  Figs.  375  and  376  is  fixed 
on  the  side-rest  of  a  lathe,  and  is  forced 
hard  against,  and  traversed  along,  the 
revolving  turned  shaft,  which  is  previously 
oiled. 

The  friction  due  to  imperfect  smooth- 
ness is  considerably  diminished  by  pla- 
nishing, and  the  surface  of  the  metal  is 
thereby  compressed,  and  the  grain  is 
closed,  which  conduces  to  durability. 

The  Anti-£rictional  Qualities  of 
Alloys  are  considerably  influenced  by 
the  nature  of  their  structure.  Alloys  of 
coarse,  crystalline,  and  uneven  structure 

wear  more  rapidly  and  offer  greater  frictional  resistance,  than  those  of  fine, 
close-grained,  homogeneous  structure. 

Pressure  and  Friction. — ^The  coefficient  of  friction  is  the  resist- 
ance from  friction  between  two  surfaces  due  to  the  pressure  of  one 
pound. 

The  coefficient  of  friction  multiplied  by  the  nominal  load  is  =  the 
nominal  frictional  resistance  per  square  inch  of  the  bearing.  The  nominal 
load  per  square  inch  is  the  total  load  on  the  bearing  divided  by  the  pro- 
duct of  the  diameter  in  inches  multiplied  by  the  length  in  inches  of  the 
bearing. 

The  pressure  multiplied  by  the  coefficient  of  friction  is  =  the  power 
required  to  overcome  the  pressure.  For  instance,  the  friction  between  the 
driving-wheels  of  a  locomotive  engine  and  the  rails  is  termed  the  adhesive 
power,  or  the  adhesion ;  and  the  adhesion  of  a  locomotive  engine  having 
a  weight  of  40,030  lbs.  on  the  driving  wheel  is,  in  dry  weather  =  40,000  lbs. 
X  '20,  the  coefficient  of  friction  =  8,000  lbs.;  and  =  40,000  lbs.  x  '27  = 
10,800  lbs.  on  sanded  rails  in  dry  weather. 

For  shafts  making  from  50  to  500  revolutions  per  minute,  and  loaded 
to  from  70  to  700  lbs.  per  square  inch,  the  average  lowest,  highest,  and 
mean  coefficients  of  friction  under  ordinary  working  conditions  are  gene- 
rally as  given  in  the  following  table  of  the  friction  of  different  rubbing 
surfaces. 
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Table  128. — Coefficients  of  Friction  of  the  Rubbing  Surfaces  of 
Various  Materials,  under  Ordinary  Working  Conditions. 


Description. 

Kind  of  Bearing. 

Lubricant. 

Coefficients  of  Friction. 

Lowest. 

Highest. 

Average. 

A  revolving  shaft  of  steel, 

Antifriction 

Sperm- jil. 

•0010 

•Oil 

•006 

or  wrought-iron. 

white-metal 
of  finest 
quality. 

Arevolvingshaftof  steel, 

Antifriction 

Sperm-oil. 

•0015 

•03 

•016 

or  wrought-iron. 

white-metal 
of  fine 
quality. 

A  revolving  shaft  of  steel, 

Antifriction 

Sperm-oil. 

•002 

•08 

•041 

or  wrought-iron. 

white-metal 

of  average 

quality. 

A  revolving  shaft  of  steel. 

Bronze  bear- 

Sperm-oil, 

•003 

•09 

•047 

or  wrought-iron. 

ing  metal  of 
fine  quality. 

A  revolving  shaft  of  steel, 

Bronze  bear- 

Sperm-oil. 

•004 

•10 

•052 

or  wrought-iron. 

ing  metal 

of  average 

quality. 

. 

A  revolving  shaft  of  steel, 

Gun-metal  of 

Sperm-oil. 

•005 

•II 

•058 

or  wrought-iron. 

fine  quality. 

A  revolving  shaft  of  steel. 

Gun-metal 

Sperm-oil. 

•006 

•12 

•063 

or  wrought-iron. 

of  average 
quality. 

Shafting     of    wrought- 

Gun-metal. 

Sperm -oil. 

•050 

•10 

•075 

iron,    or    steel,  with 

pulleys  in   factories. 

averages. 

Arevolvingshaftof  steel, 

Brass  of  fine 

Sperm-oil. 

•007 

•13 

•069 

or  wrought  iron. 

quality. 

A  revolvingshaftof  steel. 

Brass  of  aver- 

Sperm-oil. 

•008 

•14 

•074 

or  wrought-iron. 

age  quality. 

A  revolvingshaftof  steel, 

Lignum- 

Water. 

■002 

•03 

016 

wrought  -  iron,    cast- 

vitae. 

iron,  bronze,  or  gun- 

metal. 

A  revolving  shaft  of  steel, 

Lignum- 

Oil. 

•090 

•II 

•100 

wrought  -  iron,     cast- 

vitae. 

iron,  bronze,  or  gun- 

metal. 

A  revolvingshaftof  steel. 

Horn-beam, 

Water. 

•003 

•04 

0'22 

wrought  -  iron,     cast- 

or  other  hard 

iron,  bronze,  or  gun- 

woods. 

metal. 
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Table  128  continued, — Coefficients  of  Frictiox  of  the  Rubbing 
Surfaces  of  Various  Materials,  under  Ordinary  Working 
Conditions. 


Description. 

Kind  of  Bearing. 

Lubricant. 

CocflBcienls  of  Friction. 

Lowest. 

Highest. 

Average. 

A  revolving  shaft  of  steel, 

Horn-beam, 

Oil. 

•095 

•12 

•108 

wrought  -  iron,  cast  - 

or  other  hard 

iron,  bronze,  or  gun- 

woods. 

metal. 

A    revolving    shaft    of 

Cast-iron. 

Sperm-oil. 

•002 

•08 

•041 

cast-iron. 

• 

A  revolving  shaft  of  steel, 

Cast-iron. 

Sperm-oil. 

•003 

•08 

•042 

or  wrought-iron. 

A  revolving  shaft  of  gun- 

Cast-iron. 

Sperm-oil. 

•010 

•09 

•050 

metal. 

A  revolving  shaft  of  gun- 

Gun-metal. 

Sperm-oil. 

■020 

•13 

•075 

metal. 

A  revolving  shaft  of  brass 

Brass. 

Sperm-oil. 

•030 

•14 

•085 

Axles    of    railway-car- 

Gun-metal. 

Oil. 

•015 

•29 

•152 

riages,  and  waggons. 

Axles    of    railway-car- 

Gun-metal. 

Grease. 

•030 

•53 

•280 

riages,  and  waggons. 

Locomotive  slide-valves 

Cylinder- 
oil. 
Cylinder- 

•036 

•144 

•090 

Sli  de-valves  of  stationary 

— 

•100 

•25 

•175 

engines. 

oil. 

Cast-iron  sluice- valves. 

— 

Water. 

•300 

•40 

•350 

Metal  sliding  on  metal. 

Sperm-oil. 

•060 

•08 

•070 

Metal  sliding  on  metal. 

— 

Grease. 

•075 

•II 

•093 

Metal  sliding  on  metal. 

— 

Water. 

•280 

•33 

•305 

Metal        sliding       on 

— 

None. 

•500 

70 

•600 

wood. 

Rings     of     pistons    in 

Cylinder- 

•040 

•14 

•090 

steam-cylinders. 

oil. 

Governors     of    steam- 

Oil. 

•200 

'30 

'250 

engines. 

Thrust-rings  of  thrust- 

0:1. 

•030 

•07 

'O5O 

bearings  of  screw  pro- 

peller-shafts. 

Locomotive  engines  on 

— 

— 

•080 

•14 

•iio 

rails,  in  frosty  weather. 

Locomotive  engines  on 

•100 

•22 

•160 

rails,  in  wet  weather. 

Locomotive  engines  on 

— 

•130 

■27 

•200 

rails,  in  dry  weather. 

Locomotive  engines  on 

— 

— 

•170 

•37 

•270 

sanded  dry  rails. 

A  revolving  shaft. 

Ball. 

Oil. 

•003 

•007 

•005 
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Table  128  contintud. — Cokfficiknts  of  Friction  of  the  Rubbing 
Surfaces  of  Various  Materials,  under  Ordinary  Working 
Conditions. 


Description. 

Lubricant. 

CocflBclents  of  Friction: 

Lovrcst. 

Highest. 

Average. 

A  cast-iron  brake  on  the  wheel  of  a 

.i..^ 

120 

•24 

•180 

railway  waggon. 

Surface  of  the  pin  of  a  pulley-block. 

Spcrm-oil. 

•170 

'23 

•200 

A  single-thread  worm    and  worm- 

Oil. 

•5CO 

•800 

•650 

wheel. 

A  double-thread  worm  and  worm- 

Oil. 

•4CO 

•700 

•550 

wheel. 

A    treble-thread    worm  and   worm- 

Oil. 

•360 

•600 

•480 

wheel. 

A  quadruple-thread  worm  and  worm- 

Oil. 

•300 

•500 

•400 

wheel. 

A  single-thread  screw  of  steel  or  iron 

Oil. 

•100 

•300 

•200 

working  in  a  nut  of  iron  or  gun- 

metal. 

A  double-thread  screw  of  steel  or  iron 

Oil. 

•080 

'2XO 

•160 

working  in  a  nut  of  iron  or  gun- 

metal. 

Friction-clutch  of  cast-iron. 

_^ 

•130 

•270 

•200 

Friction  -  clutch  of    wood  pressing 

•220 

•3^0 

•290 

against  iron. 

Leather  sliding  on  wood. 

None. 

•250 

•40 

•325 

Leather  sliding  on  metal. 

None. 

•300 

•64 

•470 

Wood  sliding  on  metal. 

Grease. 

■070 

•10 

•085 

Wood  sliding  on  wood  or  metal. 

None. 

•450 

•65 

•550 

Wood  sliding  on  wood. 

Grease. 

*220 

•45 

•340 

Wood  sliding  on  wood. 

Dry 

plumbago. 

•100 

•25 

'^75 

Packing  for  stuffing-boxes,  formed  of 

Cylinder- 

•010 

•040 

'02  5 

layers  of  canvas  and  indiarubber, 

oil. 

saturated  with  plumbago  and  oil. 

Woven  hemp -packing,  for  stuffing- 

Cylinder- 

•012 

■050 

•031 

boxes,  saturated  with  oil. 

cil. 

Packing  for  stuffing-boxes,  formed 

Cylinder- 

•014 

•060 

•037 

of  layers  of  cotton  lined  with  a 

oil. 

composition  of  soapstone,  plum- 

bago, and  oil. 

Indiarubber  and  canvas  packing,  for 

Cylinder- 

•020 

•070 

'045 

stuffing-boxes,    impregnated   with 

oil. 

powdered  mica. 

Indiarubber  and  canvas  packing,  for 

Cylinder- 

•026 

•080 

•053 

stuffing-boxes,  lined  with  a  com- 

oil. 

position   of   asbestos   and   plum- 

bago. 
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Table  128  continued, — Coefficients  of  Friction  of  the  Rubbing 
Surfaces  of  Various  Materials,  under  Ordinary  Working 
Conditions. 


Dcscript-on. 

Lubricant. 

Coefficients  of  Friction. 

Lowest. 

Highest. 

Average. 

Packing  for  stuffing-boxes,   formed 

Cylinder- 

•030 

•090 

•060 

of  alternate  layers  of  indianibber 

oil. 

and  canvas. 

VVoven-hemp  packing  for  stuffing- 

Cylinder- 

•040 

•no 

•075 

boxes,  with  indiarubber  core,  and 

oil. 

an  outside  coat  of  paraffin. 

I.eather  packing  for  the  ram  of  a 

Water. 

•003 

•013 

•008 

hydraulic  press. 

Metallic  packing  for  stuffing-boxes. 

Cylinder- 
oil. 

•005 

•115 

•060 

The  friction  of  shafts  in  the  preceding  table  is  of  horizontal  shafts.  The 
friction  of  vertical  shafts  is  generally  20  per  cent,  less  than  that  of  horizontal 
shafts. 

The  friction  of  bearings  lubricated  with  ordinary  grease  is  generally  at 
least  twice  as  great  as  that  when  lubricated  with  oil,  under  the  same 
conditions. 

The  friction  of  bearings  lubricated  with  water  is  generally  at  least  from 

4  to  8  times  as  great  as  that  when  lubricated  with  oil,  under  the  same 
conditions. 

The  friction  of  bearings  without  lubrication  is  generally  at  least  from 

5  to  10  times  as  great  as  that  when  lubricated  with  oil,  imder  the  same 
conditions. 

The  given  friction  of  packing  for  stuffing-boxes  is  obtained  with  very 
moderately  tightened  glands.  The  friction  of  all  kinds  of  compressible 
packing  varies  with  the  tightness  of  the  glands.  The  friction  of  com- 
pressible hard  packing  is  very  greatly  increased  by  tightening  the  glands 
excessively,  as  it  then  acts  as  a  brake.  The  friction  of  packing  without 
lubrication  is  generally  at  least  from  2  to  4  times  as  great  as  that  when 
lubricated  with  oil,  under  the  same  conditions. 

Effect  of  Lubrication  on  Friction. — The  lubrication  in  the  preceding 
table  represents  ordinary  intermittent  oiling.  With  continuous  oiling,  such 
as  a  bearing  in  an  oil-bath,  the  surfaces  are  washed  clean  from  dirt  and 
grit,  and  the  friction  is  generally  only  from  one-twelfth  to  one-sixth  of  that 
with  ordinary  oiling.  This  shows  the  importance  of  providing  automatic 
and  continuous  lubrication,  so  as  to  obtain  a  copious  flush  of  oil  over  all 
the  working  parts  of  engines  and  machinery. 

Splash  Lubrication. — Some  vertical  engines  are  completely  enclosed, 
so  as  to  render  them  splash-tight,  and  the  cranks  run  in  an  oil-bath, 
contained  in  the  bed-plate,  and  by  their  splash  automatically  lubricate  the 
bearings. 

Forced  Lubrication. — ^When  bearings  cannot  be  sufficiently  oiled  with 
lubricators  or  when  shafts  are  required  to  run  a  long  time  without  stopping, 
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the  bearings  are  sometimes  encased,  and  oil  is  applied  under  a  pressure  of 
Ig  pounds  per  square  inch  and  upwards  by  a  forced  pump,  so  as  lo  obtain 
a  constant  flow  of  oil  over  the  bearing  surfaces.  A  film  of  oil  may  in  this 
way,  under  favourable  conditions,  be  maintained  continuously  between  the 
rubbing  surfaces,  and  a  higher  speed  of  shaft  and  greater  pressure  on  the 
bearing  surfaces  are  permissible  than  with  ordinary  lubrication  by  gravity. 
Sfllf-Lntaicatiiig  BakringB. — There  are  several  kinds  of  self-lubri- 
cating bearings  in  use,  in  one  of  which,  shown  in  Figs.  377  and  378,  the  oil 


Fl«s-  377-379.— SelUoliricuIng  beiringi. 


is  fed  to  the  bearing  by  a  ring  on  the  journal  of  the  shaft.  The  bottom  of 
the  ring  dips  into  oil  contained  in  a  well  under  the  journal.  For  long 
journals  two  oiling  rings  are  used  tn  some  cases,  as  shown  in  Fig.  379, 


Fig.  3S1.— SelMubilutlng  boring. 


Fig.  381.— Self-lubrleallng  beailag. 


Another  self-lubricating  bearing,  shown  in  Fig.  380,  has  a  collar  on  the 
shaft  which  dips  into  oil  and  distributes  it  to  the  bearing. 

Another  self-lubricating  bearing,  shown  in  Fig,  381,  has  a  roller  of  cork 
immersed  in  oil  and  running  in  contact  with  the 
journal. 
Another  self- lubricating  bearing,  shown  in  Fig. 

382,  has  a  recess  at  each  side,  containing  a  pad 
saturated  with  oil  from  an  oil-cup  above. 

In  another  self-lubricating  bearing,  shown  in  Fig. 

383,  the  oil  is  conveyed  from  below  the  journal  lo 
the  bearing  by  an  endless  chain  on  the  shaft.  Jn 
some  cases  a  rope  of  cotton  is  used  instead  of  a 
chain  to  convey  the  oil. 

The  objection  to  the  use  of  self-lubricating  bear- 
ings is,  that  in  continually  using  the  same  oil  it  accumulates  dirt,  and  it  also 
absorbs  oxygen  and  gradually  becomes  glutinous.  The  oil  should  be 
frequently  renewed. 
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Eflcieney  of  Different  Systems  of  Lubrication. — Friction  varies 
considerably  with  the  method  employed  to  lubricate  bearings. 

The  friction-reducing  efficiency  of  several  different  modes  of  applying 
oil  to  bearings,  is  frequently  as  given  in  the  following  table : — 

Table  129. — Efficiency   of  Different  Systems   of  Lubrication,  as 

SHOWN    BY    THE    FrICTION    OF    THE     JOURNALS    OF     A    StEEL     ShAFT 

Revolving  in   Bearings  of   Gun-Metal,   Lubricated   with   the 
Same  Kind  of  Oil  Applied  in  Different  Ways. 


System  of  Lubrication. 

Co-efficient 
of  Friction. 

System  of  Lubrication. 

Co-efficknt 
of  FricaoD. 

Forced  lubrication  . 
Oil-bath-lubrication    .    . 
Splash-lubrication  . 
Saturated  oil-pad  lubrica- 
tion    .        .        .        . 
Self-lubricating  bearings . 
Syphon  oil-lubricators 
Sight-feed  lubricators 

•003 
•004 
•005 

•014 
•016 
•018 
•020 

Needle-lubricators.     .    . 

Intermittent,  or  ordinary 
oiling,  average  best 
results  with. 

Intermittent  or  ordinary 
oiling  by  hand  with  an 
oil-can,  average  results 
with        ,        .        .    . 

•023 
•025 

•050 

EflFicient  lubrication  is  best  obtained  by  applying  the  oil  through  three  oil- 
holes,  one  being  placed  at  each  side  and  another  at  the  centre  of  the  bearing. 

Lubricants  for  the  Bearings  of  the  Jonmals  of  Shafks. — The 
viscosity  or  body  of  an  oil  represents  its  fluidity,  and  is  the  measure  of  its 
resistance  to  being  squeezed  out  of  a  bearing.  The  greater  the  viscosity 
the  less  is  the  liability  to  being  squeezed  out.  The  viscosity  of  oils  varies 
considerably,  but  at  a  temperature  of  65'  Fahr.  it  is  frequently  as  follows: — 


Sperm  oil 

viscosity  Cotnpaiel 

w'tli  tliat  of 

Sperm  Oil. 

.       I'OO 

Rape  oil     . 

Viscosity  Compared 
witii  tliat  of 
Sperm  OiL 

.     2'30 

Light  mineral  oil 

.      .       170 

Neatsfoot  oil 

.      .      2'40 

Cotton-seed  oil 

.       I '90 

Tallow  oil 

.    2'5o 

Olive  oil    . 
Lard  oil 

.      .      2-00 
.       2*20 

Heavy  mineral 
Castor  oil  . 

oil  .     .     4-00 
.  23-00 

The  viscosity  decreases  as  the  temperature  increases  up  to  220*  Fahr., 
when  all  these  oils  have  nearly  the  same  viscosity.  This  shows  the 
importance  of  keeping  bearings  cool,  especially  those  using  oil  of  full  body. 

The  best  lubricants  for  the  bearings  of  engines,  shafting  and  machinery, 
under  ordinary  working  conditions,  are  generally  as  follows : — 


Description  of  Bearings. 

For  high-speed  shafts  with  a  light  pressure  on 

the  bearings  

For  low-speed  shafts  with  a  light  pressure  on 

the  bearings       ...... 

For  high-speed  shafts  with  a  heavy  pressure  on 

the  bearings 

For  low-speed  shafts  with  a  heavy  pressure  on 

the  bearings        ...  .        . 

For  the  crank-shafts  of  large  steam-engines    • 


Description  of  Lubricant. 

Sperm  oil. 

Olive  oil. 

Sperm  oil  and  castor  oil. 

Rape  oil  and  lard  oil. 
Castor  oil. 
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'llie  nature  of  the  bearing-metal  is  an  important  factor  in  economical 
lubrication.  It  was  found  in  the  case  of  a  heavily  loaded  shaft  that  some 
bcarlng-metals  required  more  oil  than  others  to  maintain  the  same  cool 
temperature.  The  relative  consumption  of  oil  by  different  bearing-metals 
is  in  some  cases  as  follows : — 

Relative  Coasamption 
of  Oil  for  an  Elqual 
•  Temperature. 

Cast-iron  bearings  for  the  journals  of  shafts        .        •    •  loo 

Brass  bearings  for  the  journals  of  shafts  ...  '90 

Gun-metal  bearings  for  the  journals  of  shafts      ...  '85 

Phosphor-bronze  bearings  for  the  journals  of  shafts         .  *8o 

Antifriction  white-metal  bearings  for  the  journals  of  shafts  '75 

The  consumption  of  oil  by  bearings  of  hardened  cast-steel,  for  equality 
of  temperature,  is  generally  at  least  twice  as  great  as  that  of  gun-metal 
bearings. 

Mineral  Oil  of  fine  quality  is  very  effective  in  cleaning  metal,  and  when 
used  in  combination  with  other  oils  as  a  lubricant,  it  tends  to  maintain 
bearings  clean  and  free  from  clogging.  Hence,  mixtures  of  fatty  oils  and 
mineral  oils  are  generally  more  efficient  for  the  lubrication  of  the  bearings 
of  the  journals  of  shafts  than  either  of  these  oils  alone.  The  following 
mixtures  of  oils  form  efficient  lubricants  for  some  bearings  : — 

Description  of  Bearings.  Conposition  of  LulNricaiits. 

For  high-speed  shafts  with  light  Sperm  oil  20  per  cent.,  olive  oil  30  per 
pressure  on  the  bearings.  cent.,  and  light  mineral  oil  50  per  cent. 

For  low-speed  shafts  with  light  Olive  oil  50  per  cent.,  and  light  mineral 
pressure  on  the  bearings.  oil  50  per  cent. 

For  high-speed  shafts  with  heavy  Lard  oil  35  per  cent.,  sperm  oil  25  per 
pressure  on  the  bearings.  cent.,  and  heavy  mineral  oil  40  per  cent. 

For  low-speed  shafts  with  heavy  Rape  oil  50  per  cent.,  lard  oil  25  per 
pressure  on  the  bearings.  cent.,  and  tallow  oil  25  per  cent. 

For  moderately  high-speed  shafts  [Sperm  oil  35  percent.,  rape  oil  20  per 
with  very  heavy  pressure  on  the  -(cent.,  lard  oil  25  per  cent.,  tallow  oil  15 
bearings.  (per  cent.,  and  fine  plumbago  5  per  cent. 

(Graphite-grease,  composed  of  25  per 
cent,  of  tallow,  30  per  cent,  of  palm  oil, 
33  per  cent,  of  mineral  oil,  and  12  per 
,cent.  of  fine  graphite  or  plumbago. 


For  low-speed  shafts  with  very 
heavy  pressure  on  the  bearings. 


The  addition  of  graphite  to  lubricants  reduces  friction,  and  diminishes 
the  cost  of  lubrication.  Graphite  grease  and  other  thick  lubricants  are 
only  suitable  for  the  journals  of  shafts  having  considerable  play  in  the 
bearings. 

Oils  of  inferior  quality  are  not  economical,  and  they  sometimes  contain 
acids  which  injure  some  metals,  especially  those  containing  much  zinc 
and  lead. 

Keating  of  JonmalB  and  Bearings. — The  heating  of  a  revolving 
journal  is  produced  by  the  friction  of  its  surface  on  that  of  its  bearing. 

The  intensity  of  the  pressure  on  a  bearing  surface  decreases  as  the 
length  of  a  journal  increases ;  and  the  heating  tendency  decreases  as  the 
area  carrying  off  the  heat  is  increased.    Therefore^  the  liability  of  a  journal 
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to  heat  decreases  as  the  length  increases,  and  it  is  quite  independent  of  its 
diameter. 

Unsuitable  lubricants,  deficient  lubrication,  and  the  improper  application 
of  lubricants,  are  frequent  causes  of  hot  journals.  End-play  of  journals 
greatly  assists  the  distribution  of  oil  over,  and  the  maintenance  of  cool, 
bearings. 

The  tendency  of  the  bearings  of  the  journals  of  a  shaft  to  heat  is  in 
proportion  to  the  pressure  on  the  bearings,  and  to  the  velocity  of  the  surface 
of  the  journals  of  the  shaft.  To  prevent  heating,  if  the  speed  is  very  high 
the  pressure  must  be  low,  and  if  the  pressure  is  very  high  the  speed  must 
be  low. 

Abrasion  of  the  Bearings  of  the  Journals  of  Shafts. — Abrasion 
of  true  and  smooth  surfaces  is  governed  by  pressure  and  lubrication. 
Abrasion  may  be  induced  by  rough  surfaces,  and  by  grit  and  dirt  in  the 
bearings. 

When  the  journal  of  a  shaft  revolves  in  a  properly  lubricated  bearing,  the 
surface  of  the  journal  is  not  in  contact  with  that  of  the  bearing,  because  the 
surfaces  are  kept  apart  by  a  film  of  oil  between  them.  If  the  pressure  on 
the  bearing  becomes  so  great  that  the  film  is  squeezed  out,  the  surfaces 
come  in  contact,  or  are  metal  to  metal,  and  friction  rapidly  increases,  and 
results  in  abrasion.  It  is  therefore  necessary  to  use  a  lubricant  of  sufficient 
consistency  to  keep  the  surfaces  apart  under  the  existing  pressure. 

For  a  heavy  pressure,  a  lubricant  of  full  body  or  sluggish  flow  is  required. 
The  less  the  pressure,  the  less  in  body,  and  the  more  fluid  may  the 
lubricant  be. 

Bearing  Capacity  of  the  Journals  of  Shafts. — The  simplest  way 
of  measuring  bearing  capacity  is  by  means  of  the  projected  area  of  the 
journal  on  a  diametral  plane,  or  by  the  hori- 
zontal sectional  area  in  square  inches  of  the 
journal,  obtained  by  multiplying  the  length  in 
inches  of  the  bearing  by  the  width  in  inches 
of  the  arc  in  contact  with  the  journal.  The 
horizontal  sectional  area  of  the  bearing-sur- 
face of  journals  revolving  in  ordinary  bear- 
ings, or  Plummer-blocks,  shown  in  Fig.  384, 
is  equal  to  the  product  of  the  diameter  in 
inches  multiplied  by  the  length  in  inches 
of  the  journal. 

The  bearing  -  surface  multiplied  by  the 
unit  of  pressure  suitable  for  the  particular  bearing  gives  the  bearing  capacity 
of  the  journal.  For  instance,  the  projected  area,  or  horizontal  bearing- 
surface,  of  a  journal  of  4  inches  diameter,  and  6  inches  long,  is  «  4  inches 
X  6  inches  =  24  square  inches ;  and  if  a  pressure  of  300  lbs.  per  square  inch  be 
assumed,  the  bearing  capacity  of  the  journal  is  »  24  square  inches  x  300  lbs. 
per  square  inch  =  7200  lbs. 

The  length,  L,  in  inches  of  the  journal  of  a  shaft  is — 

■r Bearing  capacity  of  the  journal  in  lbs. 

(Pressure  on  the  bearing\     /  width  of  the  arc  of  contact  \ 
in  lbs.  per  square  inch  /     \   of  the  bearing  in  inches.  / 


Fig.  384.— Plummer-block. 


llie  width,  W,  in  inches  of  the  arc  of  contact  of  the  bearing  i 
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Bearinf^  capacity  of  the  journal  in  lbs. 


(Pressure  on  tlie  bearing  \       /length  of  the  bearingX 
in  lbs.  per  square  inch  J      \  in  inches.  / 


The  Pressure,  P,  in  lbs.  per  square  inch  on  the  projected  area  of  the 
shaft  is — 

p ^ Bearing  capacity  of  the  journal  in  lbs. 

/Length  of  the  bearing\      /widtli  of  the  arc  of  contact  of\ 
\  in  inches  /      \      the  bearing  in  inches.      / 

The  usual  pressure  on  various  bearings  of  journals  is  given  in  Table  13c 
Average  FreMnre  on  Varioue  Bearings. —  The   average   lowest, 

highest,  and  mean  pressures  on  bearings  in  practice  are  generally  as  given 

in  the  following  Table  :— 

Table  130. — Pressure  on  the  Bearings  of  the  Journals  of  Shafts, 
Crank-pins,  Crosshead-pins,  and  other  Bearings,  Measured  per 
Square  Inch  of  the  Horizontal  Diametral  Section  of  the 
Journals. 


Description. 


Pressure  In  Pounds  per  Square  Inch 

of  the  Horlcontal  Sectional  Area 

of  the  Bearing. 


Bearings  of  the  shafting  of  factories,  wiih 
couplings,  but  without  pulleys 

Bearings  of  the  shafting  of  factories,  with 
couplings,  and  with  an  average  number 
of  pulleys 

Bearings  of  second-motion  shafts,  and  main- 
shafting  of  factories,  with  couplings, 
pulleys,  and  toothed-wheel  gearing 

Slide-blocks  of  small  stationary  engines    . 

Slide-blocks  of  locomotive  engines       .    . 

Slide-blocks  of  large  stationary  engines     . 

Thrust-bearings  of  shafts  of  screw-pro- 
pellers      

Slide-blocks,  or  shoes  of  the  cross-heads, 
of  marine  engines  .... 

Bearings  of  the  axles  of  railway  carriages  . 

Bearings  of  the  axles  of  locomotive  engines 

Bearings  of  the  axles  of  railway  waggons 
or  goods  trucks 

Main  bearings  of  steam-pumps     ,        .     . 

Main  bearings  of  large  steam-pumping 
engines         ...... 

Main  bearings  of  crank-shafts  of  small 
stationary  steam-engines  .         .         .     . 

Main  bearings  of  crank-shafts  of  medium- 
sized  stalionaiy  steam-engines 


Lowest 


12 


Highest. 


40 


Average: 

26 


30 

100 

65 

50 

20 

50 
30 

80 
130 
150 

MS 
50 
90 

90 

40 

80 

60 

50 
200 
150 

140 
450 

95 

275 
300 

200 
40 

450 
140 

3»5 
90 

150 

400 

27s 

50 

150 

100 

80 

220 

150 

PRESSURE  ON  BEARINGS. 
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Table  130  continued. — Pressure  on  the  Bearings  of  the  Journals 
OF  Shafts,  Crank-pins,  Crosshead-pins,  and  other  Bearings, 
Measured  per  Square  Inch  of  the  Horizontal  Diametral 
Section  of  the  Journals. 


Description. 


Main  bearings  of  crank-shafts  of  large 
stationary  steam  engines  .        .        .    . 

Main  bearings  of  steam  engines  of  yachts  . 

Main  bearings  of  steam  engines  of  screw 
merchant  steamers 

Main  bearings  of  steam  engines  of  paddle 
steamers       ...... 

Main  bearings  of  steam  engines  of  gun- 
boats        

Main  bearings  of  steam  engines  of  torpedo- 
boats   

Sling  bearings  of  pumps      .        ... 

Foot-step  bearings  of  vertical  shafts      .    . 

Bearings  of  crank-pins  of  marine  steam 
engines 

Bearings  of  crank-pins  of  small  stationary 
steam  engines 

Bearings  of  crank-pins  of  medium-sized 
stationary  steam  engines  .        •        .    . 

Bearings  of  crank-pins  of  large  stationary 
steam  engines 

Bearings  of  crank -pins  of  locomotive 
engines 

Bearings  of  the  journals  of  cross-heads  of 
steam  engines 

Bearings  of  crank-pins  with  intermittent 
loads  at  low  speed 

Bearings  of  cross-head  pins  of  locomotive 
engines        ...... 

Bearings  of  the  crank-pins  of  punching- 
machines  for  wrought-iron  plates  • 


Pressure  in  Pounds  per  Square  Inch 

of  the  Horizontal  Sectional  Area 

of  the  Bearing. 


LowesL 

ICO 

80 

200 

250 

400 
200 
250 

250 

300 

400 

500 

500 

1000 

2000 

2500 

4OOO 


Highest 

300 
300 

500 

500 

450 

700 
600 
750 

700 

1200 

1800 

2500 

2000 

4000 

5000 

6000 

16000 


Average. 

200 
190 

350 
420 

350 

400 
500 

475 
750 

1 100 

1500 

1250 

2500 

3500 

4250 

lOOOO 


Pressure  suitable  for  a  given  Velocity  of  Journal.— When  the 
product  of  the  pressure  multiplied  by  the  velocity  of  a  journal  exceeds  a 
certain  limit  there  is  danger  of  heating.  The  working  pressure  should 
therefore  be  considerably  less  than  that  at  which  heating  may  commence. 

The  cool-running  pressure,  and  that  under  which  bearings  may  become 
heated,  also  the  pressure  generally  producing  very  hot  bearings,  may  be 
determined  by  the  following  Rule : — 

Let  Psthe  maximiun  pressure  in  pounds  per  square  inch  permissible  on 
the  horizontal  bearing-surface  of  the  journals  01  a  horizontal  shaft,  with 
ordinary  oiling 
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V^the  maximum  permissible  circumferential  velocity  of  the  journals  of 
a  shaft  in  feet  per  minute. 

C  «  A  constant «  28,000,  representing  cool  bearings. 

C  »  40,000,  representing  considerably  heated  bearings. 

C  «  50,000,  representing  very  hot  bearings. 

The  maximum  pressure  per  square  inch,  P,  permissible  with  ordinary  oiling 
on  the  horizontal  bearing-surface  of  the  journals  of  a  shaft  is — P«C-rV. 

Example:  A  shaft  having  journals  of  4  inches  diameter,  makes  100 revo- 
lutions per  minute.  What  should  be  the  maximum  pressure  on  the  bearings, 
consistent  with  freedom  from  liability  to  heat  ? 

Then,  the  circumference  of  each  journal  of  the  shaft  is»  4  inches  x  3*1416 
—  12*5664  inches -r  12  inches « i'0472  feet;  and  10472  feet  x  100  revolu- 
tions per  minute  «  10472  feet  per  minute,  the  circumferential  velocity  of 
each  journal  of  the  shaft ;  and  28,000 -r  10472  feet «  268  lbs.  per  square  inch, 
the  maximum  pressure  permissible  on  the  horizontal  bearing-surface  of  the 
journals.  If  the  journals  are  6  inches  long,  the  horizontal  area  of  bearing- 
surface  is  «  4  inches  x  6  inches  »  24  square  inches ;  and  the  bearing  capacity 
of  each  journal  is  «  24  square  inches  x  268  lbs.  per  square  inch  «  6432  lbs. 

V«locity  of  the  JonniaLi  of  a  Shaft  suitable  for  a  CKven  Pressure. 
— With  ordinary  oiling,  the  maximum  permissible  circumferential  velocity 
in  feet  per  minute  of  the  journals  of  a  horizontal  shaft  is  V«C•^P,  the 
notation  being  the  same  as  in  the  preceding  Rule. 

Example :  A  shaft  with  journals  of  5  inches  diameter  has  a  pressure  of 
200  lbs.  per  square  inch  on  the  bearings.  What  should  be  the  maximum 
circumferential  velocity  of  the  journals  consistent  with  freedom  from 
liability  of  the  bearings  to  heat  ? 

Then  28000-5-200  lbs.  per  square  inch  pressure  =140  feet,  the  maximum 
permissible  circumferential  velocity  of  the  journals  per  minute.  The  cir- 
cumference of  each  journal  of  the  shaft  is»5  inches  x  3*1416 » 15708 
inches -M  2  ->  1*309  feet,  and  this  shaft  may  male  140  feet  -r  1*309  »  107 
revolutions  per  minute. 

Pressure  on  Cranh-pins,  Crosshead-pins,  and  Slide-barn  of  Steam- 
Sngines. — The  pressure  in  pounds  per  square  inch  upon  the  crank-pin, 
and  also  upon  the  crosshead-pin  of  a  steam-engine,  is  ^  the  product  of  the 
area  of  the  cylinder  in  square  inches  multiplied  by  the  pressure  of  steam  in 
lbs.  per  square  inch. 

The  maximum  pressure  on  the  slide-bars  of  a  steam-engine  isa 
Total  load  in  pounds  on  the  piston  x  radius  of  crank  in  inches. 

Length  of  connecting-rod  from  centre  to  centre  of  bearings  in  inches. 

Example :  A  steam-engine  with  a  cylinder 
19  inches  diameter,  and  26  inches  stroke, 
using  steam  of  180  lbs.  per  square  inch 
pressure,  has  a  connecting-rod  jj  inches  long 
from  centre  to  centre  of  its  bearings.  What 
is  the  pressure  on  the  slide-bars  ? 

Then,  the  total  load  on  the  piston  is!»i9 
X  19  inches  x  '7854  x  180  lbs.  per  eqiiare 
inch  pressure  =  5 1,036  lbs.,  and 

::  1,036  lbs.  X  13  inches  crank-radiup  ^ 

yy  inches,  length  of  connecting-rod 
8617  lbs.  the  maximum  load  or  pressure  or 


V^*  385.--Cross-head  and  slide-ban. 
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the  slide-bars.  If  there  are  two  slide-bars,  as  shown  in  Fig.  385,  with  slide- 
blocks  each  6  inches  wide  and  1 5  inches  long,  the  area  of  rubbing  surface 
of  each  slide-block  is  =  6  x  1 5  inches  =  90  square  inches,  and  the  pressure 
on  the  side-block  is  «  86 17  lbs. -7-90  square  inches  =  95}  pounds  per  square 
inch. 

Length  of  the  JonmalB  and  Bearings  of  Shafts. — The  length  of 
the  journals  of  shafts  should  be  in  proportion 
to  the  weight  carried  and  to  the  nature  of  the 
bearing-metal.  Bearings  of  white-metal,  being 
softer,  should  be  longer  than  those  of  bronze,  in 
order  to  distribute  the  pressure  over  a  greater 
surface.  The  following  are  good  general  pro-  *^'  ^  ^"™ 
portions,  in  whichD  =-  the  diameter  in  inches  of  the  journal,  shown  in  Fig.  386. 

Table  131. — Length  of  the  Journals  and  Bearings  of  Shafts  for 
Various  Loads  at  a  Speed  not  Exceeding  160  Revolutions  per 
Minute. 


Description  of  Bearing- 
Metal. 

Length  of  Journal  and  Bearing  In  terms  of  the  Diameter. 

For  very 

light 

Loads. 

For  light 
Loads. 

For  ordi- 
nary or 

medium 
Loads. 

For  heavy 
Loads. 

For  very 
heary 
Loads. 

Bronze  and  gun-metal . 
Brass  .... 
Antifriction  white-metal 
Cast-iron         .        .    . 

Dx  I'OO 

Dx  1*25 
Dx  200 
Dx4-oo 

Dx  1*25 
Dx  1-50 
Dx2'5o 
Dx4'25 

Dx  1-50 

D  X  2*00 
DX3'00 

Dx4-50 

Dx  175 
DX3-50 

Dx  2'0 

D  X40 

The  length  of  the  journals  and  bearings  of  the  spindles  or  shafts  of 
emery-wheels,  fans,  and  blowers, 
may  be  =■  D  x  5  J  -  7. 

The  length  of  the  journals 
and  bearings  of  the  shafts  of 
generators  of  electricity,  shown 
in  Figs.  387  and  388,  and  other 
high-speed  machines,  may  gene- 
rally be  as  given  in  the  following 
Table : — 


Figs.  387  and  588.~Bearings  of  a  generator  of 
electricity. 


Table  132. — Length  of  the  Journals  and  Bearings  of  High-Speed 

Machines. 


200 


350 


Dx2*5o 


Dx275 


Revolutions  of  the  Shaft  in  Feet  per  Minute. 


300 


400 


30Q 


600 


DX30 


DX3-5 


Dx  40 


Dx4'5 


800 


Dx  5*0 


xooo 


Dx6o 
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Casi-iron  is  generally  a  satisfactory  metal  for  long  bearings,  when  the 
pressure  does  not  exceed  50  lbs.  per  square  inch  of  the  horizontal  sectional 
area  of  the  journal,  and  if  continuously  and  efficiently  lubricated.  With 
inefficient  and  deficient  lubrication,  or  heavy  pressure,  it  generally  heats, 
abrades,  and  wears  rapidly.  A  cast-iron  swivel -bearing  for  shafting  is  shown 
in  Fig.  389. 

Foot-atop  BmzIi^b  of  Tertioal  Sliftft«.— The  friction  of  the  foot- 
step bearings  of  vertical  shafts  is  generally  considerable,  and  when  of  the 


F1».  ,l>5.-Ca»llron  nrl«!.be.rtog.  Pl<  jg« -Fool  itep  bearing. 

common  form  shown  in  Fig.  390  they  are  frequently  difficult  to  keep  cool. 
To  facilitate  lubrication,  foot-step  bearings  are  sometimes  fixed  m  an  oil- 
bath  as  shown  in  Fig.  391. 

The  foot-step  bearing  shown  in  Fig.  391  has  a  vertical  hole  through  its 
centre  intersecting  a  horizontal  hole  communicatmg  with  a  well  full  of 


Fig  jji.—Foot-ilBp  bearing.  Fig.  391.— Pool-itep  betrtng.  Fig.  jg3-—Ft»l-i'ep  bearing. 

oil.  The  end  of  the  shaft  is  flat  and  has  a  groove  across  the  centre, 
which  as  it  revolves  spreads  the  oil  over  and  lubricates  the  surface  of  the 
bearing. 

The  foot-step  bearing  shown  in  Fig.  393  is  formed  of  alternate  discs 
of  bronze  and  steel,  which  are  free  to  revolve  in  the  casing,  and  are  lubricated 
witli  oil  which  flows  through  a  hole  in  iheir  centre  from  a  passage  in  the 
casing. 

The  foot-step  bearing  shown  in  Fig.  394  is  maintained  cool  by  a  stream  of 
cold  water  through  an  annular  space  in  the  casing.  To  pardy  relieve  the 
pressure  on  the  bearing,  hydraulic  pressure  is  applied  by  pumps  to  the  end 
of  the  shaft.  The  bearing  is  formed  of  alternate  discs  of  gun-metal  and 
BteeL 
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The  lubrication  of  foot-siep  bearings  is  generally  so  imperfect  that  their 
friction  is  frequently  from  two  to  four  times  as  great  as  that  of  the  bearings 
of  horizontal  shafts  under  similar  conditions. 

The  pressure  on  foot-step  bearings  is  in  some  special  cases  as  high  as 
1000  lbs.  per  square  inch  with  efficient  ordinary  lubrication,  and  2300  lbs, 
per  square  inch  with  forced  lubrication.    With 
ordinary  oiling  the  pressure  is,  however,  pre- 
ferably limited  to  that  given  in  Table  130. 

Toothed-Wteel  Oaaring.— The  employ- 
ment of  toothed  wheels  ensures  the  main- 
tenance of  a  constant  ratio  of  velocity  between 
the  driving  and  driven  shafts. 

The  loss  from  the  power  absorbed  by  fric- 
tion in  the  transmission  of  power  by  toothed 
wheels  is  generally  considerably  less  than  that 
by  any  other  form  of  gearing,  but  the  objec- 
tions to  their  use  are  liability  to  break-down 
and  excessive  noise.  These  defects  are,  how- 
ever, frequently  due  to  more  or  less  prevent- 
able causes.  I"*-  394.— Foot-ilep  bearing. 

Breakdowns  of  toothed  wheels  are  generally 
caused  either  by  improperly  formed  teeth,  or  by  shocks  produced  by  the 
teeth  of  the  driven  wheel  falling  back  on  the  teeth  of  the  driving  wheel, 
termed  "  backlash,"  resulting  from  excessive  clearance  at  the  sides  of  the 
teeth,  and  unsteady  driving,  or  want  of  uniformity  of  the  turning  effort. 
When  the  load  fluctuates,  or  is  suddenly  applied  to  teeth  with  much  side- 
clearance,  the  hammering  action  of  backlash  flattens  the  curved  surface  of 
the  teeth,  their  proper  action  is  destroyed,  and  the  liability  to  breakdown 
is  considerable.  Teeth  generally  break  at  the  root,  and  they  are  more  liable 
to  fracture  when  formed  with  square 
comers  at  the  root,  as  shown  in  Fig. 
595,  than  when  having  round  comers  as 
shown  in  Fig.  396. 

Excessive  noise  in  the  working  of 
toothed  wheels  may  be  caused  by  im- 
properly formed  teeth;  by  backlash;  by 

the  teeth  not  being  properly  in  gear,  so  ngs.  395  ud  396.— Teeth  of 

that  the  pitch-circles  do  not  roll  upon 
each  other ;    by  the  wheels  being  out  of  truth ;   and  by  defects   in  the 
alignment  or  rigidity  of  the  shafts. 

Form  of  tlia  Teetk  of  Wheelii. — In  order  to  obtain  a  constantly 
regular  motion,  the  teeth  of  wheels  should  be  so  formed  that  the  wheels 
work  smoothly  together  in  the  same  manner  as  two  plain  cylinders  roll  upon 
each  other  by  the  friction  of  their  surfaces. 

The  outlines  of  the  teeth  of  wheels  are  curved  to  permit  their  bearing 
surfaces  to  slide  freely  over  each  other  as  they  enter  and  leave  contaa,  and 
to  secure  a  smooth  and  uniform  motion. 

The  sides  of  the  teeth  of  wheels  are  principally  of  three  forms,  viz : 
the  single-curved  or  involute  tooth,  shown  in  Fig.  397  ;  the  double-curved 
or  cycloidaJ  tooth,  shown  in  Figs.  398  and  399 ;  and  the  tooth  with  straight 
flanks,  shown  in  Fig,  400.    Teeth  with  straight  flanks  have  the  disadvantage 
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of  bcin|j  weaker,  and  of  having  more  frictlonal  resistance  in  working  than 
teelh  with  curved  flanks. 

All  these  forms  of  teelh  work  smoothly  and  well,  when  accurately  shaped. 


Fig.  397«~InTolute  tooUk 


Fig.  398.— Cydoldal  tooth. 


^^i»  399>— Cycloidal  tooth* 


Fig.  40a— Straight-flanked  tooth* 


spaced,  and  proportioned.  Clearance  is  required  at  the  sides  of  the  teeth 
of  cast  wheels,  but  it  should  be  no  greater  than  is  actually  necessary  to 
enable  them  to  work  properly. 

The  centres  of  wheels  with  cycloidal  teeth  must  be  accurately  fixed,  and 
cannot  be  varied,  and  no  two  wheels  of  a  set  will  work  properly  together 
unless  the  same  rolling  circle  is  used  in  making  both  the  faces  and  flanks  of 
the  teeth  of  all  the  wheels.  The  diameter  of  the  rolling  circle  should  be 
equal  to  the  radius  of  the  smallest  wheel  of  the  set. 

Wheels  with  involute  teeth,  and  with  straight  flanked  teeth,  have  two  great 
advantages,  viz.,  interchangeability,  and  variability  of  centres.  All  wheels 
of  the  same  formation  and  pitch  work  well  together,  and  in  case  of  necessity 
their  centres  may  be  spaced  a  little  wider  apart  than  their  true  centres,  or 

that  at  which  the  pitch  circles  meet, 
without  much  impairing  the  accuracy 
of  the  motion  of  the  wheels. 

A  simple  and  accurate  method  of 

forming  the  teeth  of  wheels  is  given 

in  the  Author's  "Works  Manager's 

Hand-Book." 

Knuckle-teetli. — Short  teeth  with 

round  tops,  or  knuckle-gear,  shown  in  Fig.  401,  are  sometimes  used  for  the 

wheels  of  crabs  and  cranes.  The  teeth  are  strong,  but  they  are  only  suitable 


Fig.  40X.— Knuckle-teeth. 
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(or  a  low  speed,  as  they  are  irregular  in  moiion.    The  length  of  the  teeth 

is  ■=  the  pitch  X  "61. 

dfls- Teeth. —Wheels  with  gee-teelh,  shown  in  Fig.  402,  are  suitable  in 
cases  where  the 
power  is  trans- 
mitted in  one 
direction  only. 
The  working- 
side  of  the  gee- 
tooth  is  of  the 
usual  form,  but 
the  back  or  non- 
driving  side  is  of 
greater  obliquity, 
which  consider- 
ably increasesthe 
thickness  of  the 
tooth  at  the  root. 
This  tooth  is 
about35perccnt. 

stronger  than  the  ordinary  form  of  tooth,  and  the  weight  of  a  wheel  ts  not 
materially  increased  by  its  adoption. 

length  of  the  Te»tli  of  Wheela.— EfTicicnt  rolling  action  is  only  pos- 
sible \tith  teeth 


Fig.  4M.— Wheel-gtulnj  with  gEe-IMlh  bj  P.  R.  J»c 


-ji  working,  and  are  generally  less  liable  to  wear,  tear,  and 

breakdown  than  wheels  with  teeth  of  ordinary  length,  or  equal  to  about 
three-fourths  of  the  pitch.     They  are,  however,  not  generally  liked  because 
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tliej  have  a  stunted  appearance,  and  their  profile  is  not  so  graceful  as  that 
of  teeth  of  ordinary  length. 

Teeth  of  the  same  pitch,  but  of  four  different  lengths,  are  shown  for 
comparison  in  Figs.  403 — 406. 

The  proportions  of  a  toothed  wheel  should  be  in  terms  of  the  pitch. 
The  length  of  the  teeth  may  generally  decrease  as  the  pitch  increases 
according  to  the  following  table: — 

Table  133. — ^Length  of  the  Teeth  of  Toothed  Wheels,  Measured 

IN  Fifteen  Parts  of  the  Pitch. 


1 

Wheels  with  Teeth  of 
ordinary  Length. 

1 

Wheels  with  Short  Teeth. 

1 

From  the  pitch-line  of 
the  wheel  to  the  top 
of  the  tooth    . 

From  the  pitch-line  of 
the  wheel  to  the 
bottom  of  the  tooth . 

Total  length  of  the 
tooth 

Pitch  I  to 
4  Inches. 

Pitch  4i  to 
6  Inches. 

Pitch  il  to 
2|  Inches. 

Pitch  3  to 
3|  Inches. 

Pitch  A  to 
12  Inches. 

Ports. 
5 

6 
II 

Parts. 
4i 

5i 
10 

Parts. 

4 

5 
9 

Parts. 

si 

4i 

8 

Parts. 

3 

4 

7 

Pitch  and  Thickness  of  the  Teeth  of  Wheels. — The  pitch  of  the 
teeth  of  a  wheel,  or  the  circular  pitch,  is  the  distance  from  the  centre  of  one 
tooth  to  that  of  the  next  tooth,  measured  at  the  pitch-line  of  the  wheel. 
The  pitch  of  the  teeth  of  wheels  should  be  as  small  as  is  consistent  with  the 
power  to  be  transmitted,  because  the  smaller  the  pitch  is,  the  greater  is  the 
smoothness  of  the  motion  of  the  wheels. 

The  pitch  of  the  teeth  of  a  wheel  in  inches  is  = 

Diameter  of  the  pitch-circle  in  inches  x  3'i4i6 
Number  of  the  teeth  of  the  wheel. 
The  diameter  of  the  pitch-circle  of  a  wheel  in  inches  is  « 
Pitch  of  the  teeth  in  inches  x  number  of  teeth 

3I4I6. 

The  number  of  the  teeth  of  a  wheel  is  « 

Diameter  of  the  pitch-circle  in  inches  x  3*  14 16 
Pitch  of  the  teeth  in  inches. 
The  thickness  of  the  teeth  at  the  pitch-line,  and  the  pitch  of  the  teeth  of 
a  wheel,  necessary  for  a  given  pressure  or  load,  may  be  found  by  the 
following  rules,  which  represent  average  practice  with  wheels  having  well- 
formed  teeth : — 

The  thickness  in  inches  of  a  tooth  of  cast-iron  at  the  pitch-line  is, 
=  ij  (Pressure  in  pounds  on  the  teeth  of  the  wheel)  x'02^. 

The  pitch  in  inches  of  the  teeth  of  a  wheel  is, 
«  Thickness  of  the  tooth  in  inches  x  C. 
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The  shorter  the  teeth,  the  less  is  the  clearance  required,  and  the  less  may 
be  the  pitch. 

C  =  2*oo,  for  wheels  with  accurately-cut  teeth. 

C  =  2-o8,  for  wheels  with  roughly-cut  teeth. 

C  =  2" 1 2,  for  wheels  with  very  short  cast  teeth,  equal  in  length  to  three- 
eighths  of  the  pitch. 

C=  2*14,  for  wheels  with  short  cast  teeth,  equal  in  length  to  one-half  of 
the  pitch. 

C  =  2* 1 6,  for  wheels  with  moderately  short  cast  teeth,  equal  in  length  to 
five-eighths  of  the  pitch. 

C  =  2-20,  for  wheels  with  cast  teeth  of  ordinary  length,  or  equal  to  three- 
fourths  of  the  pitch. 

These  rules  give  proportions  only  for  a  breadth  of  teeth  equal  to  twice 
their  pitch.  The  breadth  of  the  teeth  is  usually  from  2i  to  4  times  the 
pitch.  But  as  the  teeth  frequently  become  reduced  in  breadth  by  breaking 
at  the  ends,  produced  by  concentration  of  the  pressure  there,  these  rules  are 
proportioned  on  the  principle  that  a  breadth  of  tooth  equal  to  twice  the 
pitch  should  be  sufficient  to  carry  the  entire  load  on  the  wheel,  and  that  any 
breadth  exceeding  this  is  provided  for  the  purpose  of  obtaining  either 
increased  stiffness  and  durability,  or  a  margin  of  power. 

Example : — ^A  cast-iron  wheel  of  10  feet  diameter  at  the  pitch-circle  is 
required  to  transmit  1000  indicated-horse-power  at  75  revolutions  per 
minute.  What  should  be  the  thickness  and  pitch  of  the  teeth  when  of 
ordinary  length? 

Then,  the  speed  of  the  pitch-circle  of  the  wheel  is*  10  feet  diameter 
X3'i4i6=» 31*416  feet  circumference  x  75  revolutions  per  minute  =  2356 
feet  per  minute. 

The  pressure  on  the  teeth  is  =  (33,000  x  1000  indicated-horse-powcr) 
-^  2356  feet  per  minute  =  14007  lbs.,  and  ^14,007=  119  x -021  =  2*499,  or 
say,  2*5  inches,  the  thickness  of  tooth  required  to  bear  the  pressure;  and 
2*5  inches  X  2'20=  5*5  inches  the  pitch  of  the  teeth  of  the  wheel.  The 
breadth  of  the  teeth  for  these  proportions  is  =  5*5  inches  pitch  x  2  =  11 
inches. 

For  this  pitch,  the  breadth  of  the  teeth  is  frequently  18  inche*^,  and  as  the 
power  increases  with  the  breadth,  the  power  that  may  be  transmitted  by  a 
wheel  of  this  breadth  is=  18  inches  broads- 1 1  inches  broad  =  i'636  x  1000 
indicated-horse-power  =1636  indicated-horse-power,  so  that  there  is  a 
considerable  margin  of  power. 

Pressure  on  the  Teeth  of  Wheels. — The  pressure  on  the  teeth  of 
wheels  in  the  direction  of  motion,  and  other  data,  may  be  found  by  the 
following  rules: — 

The  diameter  of  a  toothed  wheel  is  measured  on  the  pitch-circle  of  the 
wheel,  and  the  velocity  of  the  pitch-circle  in  feet  per  minute  is  =  diameter  of 
pitch-circle  in  feet  x  3*1416  x  number  of  revolutions  per  minute ;  and  the 
velocity  in  feet  per  second  is  =  velocity  in  feet  per  minute  -r  60. 

The  pressure  in  pounds  of  the  driving  wheel  on  the  driven  wheel,  P,  or 
the  pressure  on  the  number  of  teeth  in  gear  and  carrying  the  load  is, 

33,000  X  number  of  indicated-horse-power 

/  Diameter  of  the  \  ^  ^.j  ,,5  ^  /number  of  revolutionsX 
Vjpitch-circle  in  feet/     ^    ^         \         per  minute.         / 
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The  velocity  of  the  pitch-circle  of  the  wheel  in  feet  per  minute,  V,  is, 

Y    33.000  X  number  of  indicated-horse-power 
Pressure  in  pounds  of  the  driving  wheel. 

The  number  of  revolutions  per  minute  of  the  wheel,  R,  is  3 

33,000  X  number  of  indicated -horse-power 

*"  Pressure  in  pounds  x  circumference  of  the  pitch-circle  in  feet. 

The  indicated-horse-power  of  the  toothed  wheel,  I.-H.-P.,  is, 

I  TT  p  _  Velocity  of  the  pitch-circle  in  feet  per  minute  x  pressure  in  pounds 

33^000 

When  the  pitch  and  number  of  the  teeth  of  the  wheel  are  given,  the 
following  rules  may  be  used  with  the  above  notation  :  — 
Oneindicated-horse-powera  33,000  footpounds  x  12  inches^  396,000  lbs. 

P— 106  000  X    Number  of  indicated-horse-power 

*  /  Number  \     /pitch  in\     /number  of  revolutions\ 

\of     teeth/     \  inches  /     \         per  minute.         / 

P     396,000  X  number  of  indicated-horse-power. 

Number  of  teeth  x  pitch  in  inches  x  pressure  in  pounds. 

/Number  of\     /pitch  in\     /number  of  revolu-  \     /  pressure  \ 
J  TT  p  _  \     teeth     /     \  inches  /     \  tions  per  minute  /     \in  pounds/ 

396,000. 

The  pitch  of  the  teeth  in  inches  corresponding  with  the  data  obtained  by 
the  three  preceding  rules  is  = 

396,000  X  number  of  indicated-horse -power 

(NumberX     /number  of  revolutions\     /pressure  in  poundsX 
of  teeth  /     \         per  minute  /     \      on  the  teeth.      / 

The  thickness  in  inches  of  the  teeth  at  the  pitch-line  may  generally  be 
rspitch  of  the  teeth  in  inches  x  -467. 

The  pitch  of  the  teeth  of  wheels  should,  however,  be  determined  by  the 
rules  on  pages  503  and  512. 

Example :  A  driving-shaft  making  90  revolutions  per  minute,  and  trans- 
mitting 60  indicated-horse-power,  carries  a  wheel  of  3  inches  pitch,  8  inches 
mde,  with  26  teeth,  which  drives  another  wheel  with  40  teeth.  What  is  the 
pressure  of  one  wheel  in  working  on  the  other  ? 

rpv       ^  a  ^^^^  _  /                        60  indicated-horse-power                 \ 
Then,  396,000  x  ( -^ : — r ^— J—, : 1 

\26  teeth  x  3  mches  pitch  x  90  revolutions  per  mmute/ 

■■3382  lbs.  pressure  on  the  number  of  teeth  in  gear,  and  carrying  the  load  ; 
and  3382  lbs. -7- 8  inches  =  42275  lbs.  pressure  per  inch  in  width  of  the  face 
of  the  wheel. 

The  Working  Fressiire  that  the  teeth  of  a  wheel  will  satisfactorily  bear 
depends  upon  the  strength,  hardness,  and  durability  of  the  material. 

The  maximum  pressure,  consistent  with  freedom  from  excessive  wear  and 
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tear,  suitable  for  various  pitches  of  the  teeth  of  wheels  of  different  metals,  is 
given  in  the  following  table : — 

Table  134. — Maximum  Working  Pressure  in  lbs.  per  Inch  in  width  of 
THE  Face  of  Toothed  Wheels  of  Various  Metals  Suitable  for 
Different  Pitches  of  the  Teeth. 


1 

Pressure  In  lbs. 

I," 

Pressure  In 

Pressure  In 

Pressure  In 

pressure  in 

per  Inch  In 

Width  of  the 

Face  of  a  Mor- 

f 

Pitch  of  the 

Wheelln 

Inches. 

lbs.  per  Inch 
In  Width  of 

lbs.  per  Inch 
In  Width  of 

lbs.  per  Inch 
In  Width  of 

lbs.  per  Inch 
In  Width  of 

the  Face  of  a 

the  Face  of  a 

the  Face  of  a 

the  Face  of  a 

tice  Wheel 

1 

Cast-Steel 

Wrought-IroD 

Bronce 

Cast-Iron 

with  Teeth  of 

Wheel. 

Wheel. 

Wheel. 

Wheel 

Hornbeam- 

Wood. 

I 

440 

330 

294 

220 

1 10 

li 

660 

495 

440 

330 

165 

2 

880 

660 

587 

440 

220 

2i 

IIOO 

825 

734 

550 

275 

3 

1320 

990 

880 

660 

330 

3i 

1540 

"55 

1027 

770 

385 

4 

1760 

1320 

1 174 

880 

440 

4i 

1980 

1485 

1320 

990 

495 

5 

2200 

1650 

1467 

1100 

550 

5i 

2420 

1815 

1614 

I2IO 

605 

6 

2640 

1980 

1760 

1320 

660 

6J 

2860 

2145 

1907 

1430 

715 

7 

3080 

2310 

2054 

15^0 

770 

7i 

3300 

2475 

2200 

1650 

825 

8 

3520 

2640 

2347 

1760 

880 

9 

3960 

2970 

2640 

1980 

990 

, 

10 

4400 

3300 

2934 

2200 

1100 

II 

4840 

3^30 

3227 

2420 

I2IO 

12 

5280 

3960 

3520 

2640 

1320 

Velocity  of  Toothed  Wheels. — Much  greater  regularity  and  smooth- 
ness of  motion 
is  obtained  when 
the  teeth  of 
wheels  are  accu- 
rately cut  and  fit 
closely,  as  shown 
in  Fig.  407,  than 
is  obtainable  with 
cast  teeth.  Little 
or  no  clearance 
at  the  sides  of  the 
teeth  is  necessary, 
and  there  is  con- 
sequently no  backlash ;  therefore  wheels  with  cut  teeth  may  work  at  a  higher 
speed  than  wheels  with  cast  teeth. 


Fig,  407.— Wheel-geailng  with  cut  teeth. 


524  THE  PRACTICAL  ENGINEER'S  HAND-BOOK. 

Wheels  with  both  straight  and  double  helical  teeth  are  generally  worked 
at  the  following  speed  : — 

Moderately  high  Avrmge  Masrimiini 

Velocity  of  the  Velocitv  of  the 

Pitch  line  of  the  Wheel.  Pitch  line  of  the  Wheel. 

Feet  per        Feet  per  Feet  per      Feet  per 

Second.         Minute.  Second.      Minute. 

Cast-iron  wheels  with  cast  teeth  .  20  =  1200  32  =  1920 

Cast-steel  wheels  with  cast  teeth  .  30  =  1800  42  —  2520 

Cast-iron  wheels  with  cut  teeth  .  25  =  1500  35  =  2100 

Cast-steel  wheels  with  cut  teeth  .  40  »  2400  52  «  3120 

Where  these  maximum  speeds  are  exceeded,  wear  and  tear  may  be 
excessive  and  destructive,  if  there  is  a  heavy  pressure  on  the  teeth  of  the 
wheels. 

Umit  of  the  Velocity  of  Toothed  Wheels. — It  is  necessary  to  have 
a  considerable  margin  between  the  working  velocity  and  the  bursting  velocity 
of  a  wheel  to  provide  for  stresses  produced  by  contraction  of  the  casting  in 
cooling,  and  by  shocks  and  vibration. 

The  destructive  effects  of  vibration,  and  of  shocks  produced  by  backlash, 
defects  in  the  form  of  the  teeth,  and  irregularities  of  the  pitch-circle,  of  a 
wheel,  are  very  severe  at  a  high  velocity. 

Practical  experience  proves  that  the  circumferential  velocity  of  a  wheel  of 
cast-iron  should  not  exceed  100  feet  per  second,  or  6000  feet  per  minute, 
but  should  rather  be  less.  The  circumferential  speed  of  wheels  of  cast- 
iron,  cast-steel,  and  other  cast-metals,  is  preferably  limited  to  84  feet  per 
second,  or  5040  feet  per  minute. 

For  toothed  wheels  of  cast-iron  of  average  strength,  with  cast  teeth,  the 
pitch-line  speed  should  not  exceed  30  feet  per  second.  Then,  the  circum- 
ference of  a  pitch-circle  of  one  foot  diameter  is  =  i  x  3*1416  «  3-1416  feet, 
and  30  feet  per  second  -r  3*  14 16  feet  =  9*55  x  60  =  573  revolutions 
per  minute. 

For  safety  in  working,  the  maximum  speed  of  toothed  wheels  should  not 
exceed  that  determined  by  the  following  rule  : — 

Limit-number  of  revolutions  per  minute  of  a  toothed  wheel, 

C 


Diameter  of  the  pitch-circle  of  the  wheel  in  feet. 


Pitch-line 
Speed  in 
Feet  per 
Second. 


C  ~  573»  for  a  wheel  of  cast-iron  of  average  strength  with  cast 

teeth        .        •        .        ...        .        .         •     •  *^     30 

C  =  668,  for  a  wheel  of  cast-iron  of  average  strength  with  cut 

teeth =     35 

C  =  764,  for  awheel  of  cast-iron  of  extra  strong  quality  with  cast 

teeth =»     40 

C  =  916,  for  awheel  of  cast-iron  of  extra  strong  quality  with  cut 

teeth  «     48 

C  =a  955,  for  a  wheel  of  bronze  of  average  quality  with  cast 

teeth =     50 

C  =  1050,  for  a  wheel  of  bronze  of  average  quality  with  cut 

teeth    ..         .         .         .         .         •        •         .ex^j 
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Pitch-line 

Speed  in 

Feet  per 

Second. 

C  =  1 146,  for  a  wheel  of  wrought-iron  of  fine  quality  with  cut 

teeth =     60 

C  =a  1 1 84,  for  a  wheel  of  cast-steel  of  fine  quality  with  cast 

teeth =     62 

C  =  1604,  for  a  wheel  of  cast-steel  of  fine  quality  with  cut 

teeth =     84 

For  instance,  the  maximum  safe  speed  of  a  wheel  of  cast-steel  of  8  feet 
diameter  with  cut  teeth  is  =  1604  -j-  8  =  200*5,  or  say,  200  revolutions  per 
minute.  * 

Wear  and  Tear  of  Toothed  Wheels. — ^The  wear  and  tear  of  toothed 
wheels  depends  upon  the  hardness  of  the  metal,  the  efl&ciency  of  the 
lubrication,  and  upon  the  velocity  of,  and  the  pressure  on,  the  teeth. 

The  relative  wear-resisting  qualities  of  the  teeth  of  wheels  of  different 
metals  compared  with  those  of  the  teeth  of  wheels  of  hard  cast-steel  is 
generally  as  follows : — 

Relative 

wear-resisting 

Qualities. 

Cast-Steel  teeth,  hard         .  1*00 
Cast-steel  teeth,  moderately 

hard 70 

Cast-steel,  mild .        .        .  '60 

Cast-iron  teeth      .        .     .  -50 


Relative 

wear-resisting 

Qualities. 


Bronze  teeth    .        •        .  -40 
Gun-metal  teeth .         .     .  '30 
Hard-brass  teeth      ,        .  'lo 
Wood  teeth  of   mortice- 
wheels     .        .        .     .  '05 

This  table  shows  that  toothed  wheels  of  cast-iron  may  in  some  cases  only 
wear  one  half  as  long  as  wheels  of  hard  cast-steel,  under  similar  conditions. 

Speed  and  pressure  are  inseparably  connected  in  causing  wear.  When 
the  limit  of  endurance  of  the  effect  of  the  combination  of  speed  and  pres- 
sure is  reached,  heat  is  very  rapidly  produced  by  friction,  and  the  metal 
becomes  triturated  and  abraded.  The  effect  of  speed  and  pressure  on 
wheels  of  hard  steel,  with  well-lubricated  cut  teeth,  may  be  estimated 
approximately  by  the  following  rule  : — 

/  Velocity  in  feet  \  ^  (    pressure  in  lbs.  per  inch  in    \ 
\     per  minute     /       \  width  of  the  face  of  the  wheel  / 

Pitch  of  the  teeth  of  the  wheel  in  inches. 

When  the  quotient  of  this  rule  does  not  exceed  1,000,000,  the  wear  of 
the  teeth  of  the  wheels  is  generally  reasonable;  when  it  is  1,500,000,  hard 
wear  generally  begins ;  and  when  it  is  2,000,000,  the  wear  is  generally 
considerable,  and  abrasion  may  take  place  beyond  that  limit,  if  not  before. 

The  pressure  on  the  teeth  in  this  rule  should  be  calculated  by  the  rule 
on  page  503. 

When  possible,  the  teeth  of  a  pair  of  wheels  should  be  an  uneven 
number.  An  odd  tooth  prevents  the  same  teeth  being  always  in  gear ; 
and  the  wear  is  generally  more  uniform  and  much  less  severe  with  an 
uneven  than  with  an  even  number  of  teeth. 

Friction  of  Toothed  Wheels. — The  friction  of  a  pair  of  toothed  wheels 
depends  upon  the  accuracy  and  smoothness  of  the  teeth,  and  the  efficiency 
of  their  lubrication.  Friction  is  most  intense  at  the  instant  the  teeth  are 
going  into  and  out  of  gear.  Within  the  limits  of  ordinary  practice,  the 
friction  of  toothed  wheels  decreases  as  the  velocity  increases. 
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Spur-wheels  have  the  highest  efficiency ;  and  when  the  teeth  are  accurately 
formed,  the  difference  between  the  power  received  and  that  given  out  by  a 
pair  of  spur-wheels  may  not  exceed  i  per  cent.,  under  favourable  conditions. 

The  average  lowest  and  highest  friction  of  spur,  bevel,  and  mitre  wheels, 
with  well  formed  and  efficiently  lubricated  teeth,  is,  under  ordinary  working 
conditions,  generally  as  follows  :— 


A  pair  of  wheels  with  cut  teeth         • 
A  pair  of  wheels  with  cut  teeth 
A  pair  of  wheels  with  cast  teeth 
A  pair  of  wheels  with  cast  teeth 
A  pair  of  wheels  with  double  helical 

cast  teeth 

A  pair  of  wheels  with  double  helical 

cast  teeth 

A  pair  of  wheels  with  single  helical 

cast  teeth 

A  pair  of  spiral  wheels  with  cut  teeth 
A  single-thread  wonn  and  worm- 
wheel  with  cut  teeth.    Velocity  of 
the  worm   ..... 
A  single-thread  worm  and  worm- 
wheel  with  cut  teeth.    Velocity  of 
the  worm       .        .        .        .     . 
A  single-thread  worm  and  worm- 
wheel  with  cut  teeth.    Velocity  of 
the  worm  .        •        •        .        . 
A  single-thread  worm  and  worm- 
wheel  with  cut  teeth.    Velocity  of 
the  worm       ...        .    . 
A  single-thread  worm  and  worm- 
wheel  with  cut  teeth.    Velocity  of 
the  worm    ..... 
A  single-thread  worm  and  worm- 
wheel  with  cut  teeih.    Velocity  of 
the  worm       •        •        •        .    • 


From 

Velocity  of  th« 
Pitch-circle 
of  Che  Wheel 
in  Feet 
per  minute. 

1000  to  5000 
100  to  800 

Power  absorbed 
by  the  Friction 
of  the  Wheels 
percent. 

From     I  to  5 

„           2  to  10 

ft 

1000  to  5000 
100  to  800 

II 

2  to   ID 

4  to  20 

»i 

1000  to  5000 

tt 

3  to  15 

>f 

100  to  800 

ft 

6  to  25 

II 

100  to  2000 

II 

10  to  40 

»» 

100  to  1500 

n 

20  to  70 

99 

100  to  300 

M 

30  to  35 

II 


l> 


II 


If 


M 


50  to  150 


10  to  40 


8  to  30 


6  to  20 


3  to  10 


II 


99 


99 


99 


»» 


35  to  40 


40  to  50 


45  to  55 


55  to  60 


60  to  70 


This  does  not  include  the  friction  of  the  journals  of  the  shafts  on  which 
the  wheels  are  fixed.  The  friction  of  teeth  working  without  lubrication  is 
generally  from  two  to  four  times  as  great  as  that  with  efficient  lubrication. 

It  will  be  seen  from  the  above  table  that  the  friction  of  wheels  at  a  low 
speed,  such  as  the  wheels  of  cranes,  is  considerable,  and  that  the  frictional 
resistance  of  a  worm  and  worm-wheel  is  very  great,  especially  at  a  low 
velocity. 

Stress  in  the  Biins  of  Toothed  Wheels  and  Fly-wheels  pro- 
duced by  Centrifagal  Force. — ^A  moving  body  has  a  tendency  to  move 
in  a  straight  line,  and  each  particle  of  matter  in  the  rim  of  a  wheel  would 
move  in  a  straight  line  if  unrestrained.    This  is  termed  **  centrifugal  force*"; 
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The  stress  in  the  rim  of  a  ^heel  produced  by  centrifugal  force  may  be 
determined  by  the  following  rule  : — 

When  the  velocity  is  given,  the  stress  or  tension  produced  by  centrifugal 
force,  in  pounds  per  square  inch  of  the  section  of  the  rim  of  a  wheel,  is  = 

(The  velocity  of  the  rim  in  feet  per  second)^  x  '099, 

in  which  the  velocity  is  that  of  the  circumference  due  to  the  mean  diameter 
of  the  wheel. 

Example:  Required  the  stress  or  tension  due  to  centrifugal  force  in 
the  rim  of  a  wheel  of  10  feet  mean  diameter,  making  100  revolutions 
per  minute. 

Then  10  feet  diameter  x  3  141 6  =  31 '41 60  feet  circumference  of  the 
wheel  X  100  revolutions  per  minute  =  3 141*60 -r  60=  52'36  feet  per  second 
circumferential  velocity;  and  52*36  feet x  52*36  feet=  2741*569  x  •099=* 
271*415  lbs.,  the  stress  on  each  square  inch  of  the  section  of  the  rim  of 
the  wheel. 

When  the  diameter  of  the  wheel  and  number  of  revolutions  per  minute 
are  given,  the  stress  or  tension  produced  by  centrifugal  force  in  pounds  per 
square  inch  of  the  section  of  the  rim  is  = 
(Mean  diameter  of  the  wheel  in  feet  x  number  of  revolutions)^  x  '000271. 

Taking  the  data  from  the  preceding  example,  then  (10  feet  mean  diameter 

X  100  revolutions  per  minute)^  =  1000000  x  '000271  =  271  lbs.,  the  stress  on 

each  square  inch  of  the  section  of  the  rim  of  the  wheel  due  to  centrifugal  force. 

Bursting  Velocity  of  Toothed  Wheels  and  Fly  Wheels. — The 
speed  of  a  revolving  wheel  is  limited  by  the  liability  of  its  rim  to  burst  from 
centrifugal  tension. 

The  bursting  velocity  of  a  wheel  in  feet  per  second,  B,  is — 

B=  *  //  The  tensile  strength  of  the  metal  in  pounds  per  square  inch  ^ 
V  \        The  weight  of  a  cubic  inch  of  the  metal  in  pounds       / 
This  rule  gives  the  bursting  mean  velocity,  or  the  mean  between  the 
velocity  of  the  outside  and  that  of  the  inside  of  the  rim  of  the  wheel.    For 
instance,  the  bursting  velocity  of  awheel  of  cast-iron  having  a  tensile  strength 
of  6000  lbs.  per  square  inch  is  b 

//    6000  lbs,  per  square  inch    \  ^  1.7=81-6  feet  per  second. 
^   \  '26  lb.  weight  per  cubic  inch  / 

Cast-steel  Toothed  Wheels. — For  a  high  velocity  and  a  heavy  pres- 
sure on  the  teeth,  wheels  are  employed  of  cast-steel  having  a  tensile  strength 
of  from  30  to  35  tons  per  square  inch,  and  an  elongation  of  from  4  to  8  per 
cent,  in  2  inches.  Soft  steel  should  not  be  used  for  wheel-gearing,  as  it 
soon  abrades  and  wears  out.  Considerable  hardness  is 
necessary  to  ensure  durability.  The  percentage  of  carbon 
in  steel  suitable  for  toothed  wheels  is  from  -4  to  *5  for  a 
moderately  high  speed  and  pressure,  from  '6  to  "j  for  a  high 
speed  and  pressure,  and  from  "8  to  i  for  a  very  high  speed 
and  pressure,  and  for  gearing  for  heavy  service. 

Strength  of  the  Teeth  of  Wheels. — The  tooth  of  a 
wheel  is  under  the  same  condition  as  a  cantilever,  or  beam 
fixed  at  one  end  and  loaded  at  the  other,  as  shown  in  Fig.     ^*V?^S!*'^ 
408,  and  when  moving  slo^vly  and  lifting  a  dead  load  its 
strength  is  directly  as  Uie  square  of  the  thickness  at  the  root,  and  inversely 
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as  the  length.    The  strength  of  teeih  of  the  same  width  is,  under  these 
conditions,  therefore,  in  proportion  to  the  pitch. 

The  breaking  load  of  bars  of  different  materials  of  good  quality,  each 
I  inch  long  and  i  inch  square,  fixed  at  one  end  and  ioaded  at  the  other 
end,  although  varying  considerably,  is  frequently  as  follows : — 


Breaking 

weight 
of  the  Bar 
in  Po>tnds. 

Hornbeam-wood  for  the  teeth 

of  wheels ....     2000 
Cast-iron  of  average  strength     6000 
Cast-iron    of    extra    strong 
quality     ....  10,000 


Cast-bronze,  ordinary 
Cast-manganese  bronze 
Wrought-iron    . 
Cast-steel 


Breaking 

weight 
of  the  Bar 
in  Pounds 

12,000 

18,000 
20,000 
30,000 


The  breaking-weight,  or  load  on  each  tooth  of  a  very  slow  moving  wheel 
lifting  a  dead  load,  may  be  found  by  the  following  rule : — 
Breaking- weight  of  each  tooth  of  a  wheel  in  pounds  = 

C'hickness  of  one  toothy     /     width  of  the     \  ^  (  breaking  weight  of  \ 
at  the  root,  in  inches  /    ^  \  tooth  in  inches  /      \the  metal  bar  in  lbs./ 

The  length  of  the  tooth  in  inches. 

For  instance,  the  breaking  load  of  the  tooth  of  a  wheel  of  cast-iron  of 
average  strength,  i  inch  thick  at  the  root,  6  inches  wide,  and  1}  inches  long 
is  =  (i  inchxi  inchx6  inchesx6ooo  lbs)-rii  inches^ 2400  lbs. ;  and  if 
two  teeth  are  in  gear  at  the  same  time,  the  breaking  load  of  the  two  teeth 
is  B  2400  lbs.  X  2  s  4800  lbs. 

In  practice,  however,  the  load  is  frequently  concentrated  on,  and  carried 
entirely  by,  one  tooth  of  a  wheel. 

The  above  rule  only  applies  to  the  wheels  of  cranes  and  other  low-speed 


Fig.  409.— Angular  teeth  of  a  wheel. 


Fig.  41a— Worm  gearing. 


wheels  lifting  dead  loads.  With  a  force  in  motion,  and  subject  to  impact, 
the  strength  of  a  beam  is  directly  as  the  length  and  depth.  Toothed  wheels 
at  ordinary  speeds,  and  at  high  speeds,  are  subject  to  impact,  and  th'iir 
strength  is  as  the  pitch  squared. 

Strengfth  of  Different  Forms  of  the  Teeth  of  Wheels. — Strength 
is  gained  by  placing  the  teeth  at  an  angle  on  the  face  of  a  wheel,  shown  in 
Fig.  409,  as  in  screw-gearing,  which  has  the  advantage  of  permitting  the 
teeth  to  be  of  any  angle  to  suit  the  shafts. 

Worm-gearing,  shown  in  Fig.  410,  and  spiral-gearing,  shown  in  Fig.  411, 
have  angular  teeth,  and  are  different  forms  of  screw-gearing.  They  both 
have  a  sliding  motion  and  their  friction  and  wear  are  much  greater  than 
that  of  gearing  having  a  rolling  motion. 
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A  helical  wheel  has  teeth  inclined  in  the  fonn  of  a  helix,  as  shown  in 


Pig.  4tt.— Splnl  Wg.  ,11.— Helical  Pii.  413.— Double  helical 

fearing,  wheel.  ipur-wheel. 

Fig.  411.    Helical  wheels  have  a  rolling  motion,  and  work  smoothly,  but 
there  is  a  side-pressure,  or  thrust,  due  to  the  inclined 
faces  of  the  teeth,  which  tends  to  move  the  wheels 
along  the  shafts. 

Double  helical  wheels  have  teeth  inclined  in  two 
opposite  directions,  as  shown  in  Figs.  413  and  414, 
in  order  to  balance  the  side-thriist  in  working.  The 
teeth  of  these  wheels  approach  to  and  recede  from 
each  other  more  gradually  than  straight  teeth,  and 
a  more  perfect  rollin;^  motion  is  obtained.  Double 
helical  wheels  work    smoothly,  but    their   actual 

strength  in  working  is  very  much  less   than  it  is       Fig.  4i4^Doubie  helieal 
generally  supposed  to  be.    The  theoretical  strength,  bevei-wheeL 

and  also  the  actual  strength  dictated  by  practical  experience,  of  different 
forms  of  the  teeth  of  wheels,  is  as  follows : — 

Theareliol  Actual  Stirnelh 
SKtnMhof  ot.heTwth 
ihc  Tteih.         in  I'rjciitt. 

Ordinary  Straight  teeth 100  I'oo 

The  teeth  of  knuckle-gearing .        .        ,        .  V2$  I'lo 
The  teeth  of  helical  wheels,  worm-wheels,  and  spiral 

gearing 150  rii 

The  teeth  of  double  helical  wheels      .        .        .    .  a'oo  I'lo 

This  is  the  strength  of  double  helical  teeth  when  the  centre  lines  of  the 
faces  of  the  wheels  meet.  When  not  in  line,  or  not  in  the  right  plane  of 
revolution,  all  the  pressure  is  on  one-half  of  the  tooth,  and  the  teeth 
may  then  be  no  stronger  than  straight  teeth. 

ActnAl  Sorse-Power  of  TootlMd  Wheels. — Toothed  wheels  should 
have  an  excess  of  power  to  provide  for  the  sudden  and  irregular  strains  to 
which  they  are  frequently  exposed. 

The  strength  of  castings  of  the  same  kind  of  metal  varies  considerably. 
Cast-sleel  toothed  wheels  have  in  some  cases  proved  to  be  more  than  four 
limes  as  strong  as  similar  wheels  of  cast-iron,  but  in  other  cases  their 
strength  has  been  much  less  than  this.    In  determining  the  power  of 
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toothed  wheels,  it  is  therefore  necessary  to  be  guided  by  practical  experi- 
ence.    The  following  rule  represents    average    practice   with    ordinary 
wheels,  or  those  having  straight  teeth. 
Actual  or  indicated  power  of  a  toothed  wheel  of  cast-iron  » 

/Velocity  of  the  pitch-line  of  \       /pitch  of  the  teethy     /breadth  of  the\ 
\the  wheel  in  feet  per  second/       \       in  inches       /       yteeth  in  inches  / 

The  actual  or  indicated-horse-power  of  toothed  wheels  of  other  cast 
metals  may  be  found  by  multiplying  the  horse-power  obtained  by  the 
above  rule  for  wheels  of  cast-iron  by  the  following  multipliers  : — 


Malleable  cast-iron    .    .    I'lo 
Gun-metal 1*20 


Bronze 1*30 

Steel 170 


274    indicated- 


These  figures  used  with  the  above  rule  represent  the  average  power  of 
toothed  wheels  of  the  different  metals  under  ordinary  working  conditions. 

Example:  Required,  the  indicated-horse-power  of  a  toothed  wheel  of 
cast-iron,  4  feet  8  inches  pitch  diameter,  4  inches  pitch,  14  inches  broad  on 
the  face,  and  making  65  revolutions  per  minute  ? 

Then,  4  feet  8  inches  pitch  diameter  x  3'i4i6  =  1466  feet  circum- 
ference of  the  pitch-circle  x  65  revolutions  a  minute  =  953,  the  velocity  in 
feet  per  minute  «  953  -f  60  seconds  «  15*9,  the  velocity  in  feet  per 

second,    and    i$'9  ^eet  x  4  x  4  inches  x  14  inches  , 

13 

horse-power. 

The  power  of  a  similar  wheel  of  cast-steel  is  ■■  274  x  17  =  466 
indicated-horse-power. 

By  the  Author's  rule  from  his  "Works  Manager's  Hand-Book,"  the 
power  of  this  wheel  is 

^  4x4  inches  x  14  inches  x  4'666  feet  diameter  x  65   revolutions 

240 
=  283  indlcated-horse-power,  when  of  cast-iron;  and  =  283  x  17  =  481 
indicated-horse-power  when  of  cast-steel.    Therefore,  the  power  given  by 
both  rules  is  nearly  the  same. 

The  pitch  and  breadth  of  a  wheel  corresponding  with  the  horse-power 
found  by  the  preceding  rule  may  be  found  by  the  following  rules : — 

The  pitch  of  the  teeth  of  a  wheel  is  = 

Number  of  indicated-horse-power  x  13 


Ki     /Velocity  of  the  pitch-line  of  the\ 
\     wheel  in  feet  per  second      / 


/breadth  of  the  teeth^ 
\  in  inches.        / 


Example:  What  should  be  the  pitch  of  a  wheel  12  inches  broad,  with  a 
pitch-line  velocity  of  40  feet  per  second,  to  drive  600  indicated-horse- 
power ? 

Then,  600  indicated-horse-power  x  13  =  7800  -r  (40  feet  x  12  inches) 
•  16,  and  <^  16  «  4  inches,  the  pitch  required. 

The  breadth  of  the  teeth  of  a  wheel  is  = 

Number  of  indicated-horse-power  x  13 

(Velocity  of  the  pitch-line  of  the\        /pitch  of  the  teeihy 
wheel  in  feet  per  second      /  ^  \       in  inches.      / 
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Example :  What  should  be  the  breadth  of  a  wheel  of  5  inches  pitch,  with 
a  pitch-line  velocity  of  37  feet  per  second,  to  drive  800  indicated-horse- 
power. 

Then,  800  indicated  horse-power  x  13  =  10,400  -r  (37  feet  x  5  inches  x 
5  inches  pitch)  =  ir25  inches  the  breadth  of  the  wheel  required. 

Horse-Power  of  Double  Helical  Toothed  Wheels. — The  horse- 
power of  a  double  helical  toothed  wheel  may  be  found  by  multiplying  the 
horse-power  of  a  similar  wheel  with  straight  teeth  by  vzo. 


Fig.  415.— Pair  of  bevei-wheelsi 


Fig.  416.— Pair  of  mitre-wheeis. 


Bevel  and  Mitre  Wheels. — In  calculating  the  power  of  bevel  and 
mitre  wheels,  the  mean  diameter  and  mean  pitch  must  be  taken.  For 
instance,  a  bevel  wheel  of  36  inches  diameter,  6  inches  wide,  and  3  J  inches 
pitch,  has  a  minimum  diameter  of  30  inches ;  the  mean  diameter  is  there- 
fore 33  inches.  The  minimum  pitch  is  in  proportion  to  the  diameter,  and 
it  is  =  (3*5  inches  pitch  x  30  inches  diameter)  -4-  36  inches  diameter  « 
2*916  inches;  and  the  mean  pitch  is  =  (3'5  inches  +  2'9i6  inches)  -¥  2 
ss  3' 208  inches. 

Bevel  and  mitre  wheels  should  be  so  fixed  that  their  centre-lines  meet  ai 
the  proper  point,  as  shown  in  Figs.  415  and  416.  In  order  to  obtain  an 
evenly  distributed  load  along  the  whole  length  of  the  teeth,  it  is  necessary 
to  prevent  the  end-play  of  the  shafts  of  the  wheels. 

Mortioe  WheeLi. — Mortice  wheels,  or  wheels  with  teeth  of  hornbeam- 
wood,  are  quite  as  strong  as  cast-iron  toothed  wheels  at  a  moderately 
high  speed,  and  at  a  high  speed,  but  at  a  low  speed  their  strength  is 
considerably  less  than  that  of  cast-iron  wheels. 

The  wood-cogs  of  a  mortice  wheel  are  made  thicker  than  the  teeth  of  its 
fellow  or  iron  wheel,  to  compensate  for  the  difference  in  the  strength  of 
the  materials.  The  cogs  fit  accurately  between  the  teeth  of  the  iron  wheel 
without  clearance.  The  thickness  of  the  wood-cog  is  generally  =  the  pitch 
of  the  teeth  of  the  wheel  x  '6,  and  that  of  the  tooth  of  the  iron  wheel 
is  =  the  pitch  of  the  teeth  x  '4.    The  length  of  the  cog  is  =  pitch  x  -6. 

Shrouded  Wheels. — The  strength  of  a  wheel  with  teeth  of  ordinary 
form,  may  generally  be  increased  from  30  to  50  per  cent,  by  providing  it 
with  two  shrouds  or  flanges.  In  the  case  of  a  wheel  with  teeth  which  are 
very  weak  at  the  roots,  such  as  radial  teeth,  the  increase  in  strength  by 
shrouding  is  from  75  per  cent,  to  100  per  cent. 

Automatic  Oiling  of  Toothed  Wheels. — Excessive  wear  of  toothed 
wheels  is  frequently  caused  by  deficient  lubrication.     Wheels  may  be 
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aulomatically  oiled  by  means  of  a  small  pump,  driven  by  lii^ht  |^arin<r 
frum  the  wlieel  shaft,  which  delivers  oil  in  veiy  small  jets  at  the  point 
where  the  teeth  enter  into  gear.  The 
gearing  is  employed  to  reduce  the  speed 
of  the  pump,  but  it  may  be  dispensed 
with,  and  the  pump-ram  worked  direct 
by  an  eccentric  on  the  shaft  in  the  case 
of  low-speed  wheels.  An  oiler  of  this 
kind  is  shown  in  Fig.  417. 

B«w  -  Hide  Toothod  WliMls.  - 
Small  toothed  wheels  or  pinions  made 
of  raw-hide,  with  cm  leeih,  are  some- 
times employed  in  cases  where  lightness 
and  silent  working  are  essential.  To 
increase  their  stability  the  ends  of  ihe 
„  ,         ,    „    ,        .  .        wheels  are  provided  with  brass  shroii<ls : 

Fig.  (IT.— Aiifrnwlc  oiW  for  loolhed-  ...  "^  ■_      i_    j       ■  ,       , 

"hcri  gearing.  and  they  are  sometimes  bushed  with  the 

same  material. 

Wheels  of  hide  specially  prepared  to  obtain  toughness  and  durability, 

and  render  them    impervioLis  to  aimospheric  conditions,  called    Chicago 

raw-hide,  shown  in  Fig.  418,  are  made  of  all  piiclies  from  i  inch  to  2^ 


inches.  Their  strength,  power  of  transmission  and  durability  are,  under 
favourable  conditions,  considered  to  be  approximately  equal  to  that  of 
wheels  of  cast-iron. 

There  are  zo  cubic  inches  in  one  pound  of  raw-hide,  and  the  weight  of 
a  wheel  is  about  one-fifth  of  that  of  a  wheel  of  cast-iron  of  similar  propor- 
tions. The  weight  of  a  raw-hide  wheel,  when  shrouded  and  bushed  with 
brass,  depends  upon  the  thickness  of  the  metal,  but  it  may  not  exceed 
one-half  of  that  of  a  wheel  of  casl-iron. 

The  teeth  of  these  wheels  are  usually  made  Tsith  cutters  producing  Brown 
and  Sharpe's  involute  form  of  teeth,  shown  in  Fig.  419,  and  according  to 
their  proportions,  which  are  as  follows  :— 

Thickness  of  teeth      .    .     .    .     =  Pitch  in  inches  x  'S- 

Width  of  space  between  (he  teeth  =  Pitch  in  inches  x  '5. 

Height  of  tooth       .....«=  Pitch  in  inches  x  -686. 

Bottom  clearance  of  tooth    .     .      •=  Pitch  In  hiclies  -i-  zo. 
No  oil  or  other  lubricant  should  be  used  with  loolhed  wheels  of  raw  hide. 


PITCH  OF  TEETH  OF  SMALL  WHEELS. 
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Fig.4ao.— WtUiam  Sellers  &  Co.'s  form  of  teeth 

of  wheels. 


If  they  become  rough,  an  occasional  application  of  a  little  blacklead  to  the 
teeth  is  all  that  is  necessary. 
William  Sellers  &  Co/s  Proportions  of  the  Cut  Teeth  of  Wheels 

are  as  follows : — 

The  width  of  the  space  between  the  teeth  at  the  pitch-line  is  =  Pitch  in 
inches  x  -505,  for  cut  teeth 
of  2  inches  pitch  or  less. 
For  teeth  of  more  than  2 
inches  pitch,  the  width  of 
the  space  between  the  teeth 
is  equal  to  one-half  the  pitch 
plus  ^io  inch. 

The  thickness  of  the  tooth 
is  B  the  pitch  in  inches  minus 
the  space  between  the  teeth. 
The  difference  is  the  side 
clearance. 

The  height  of  the  tooth  above  the  pitch-line  is  =  yV  of  the  pitch. 

The  depth  of  the  tooth  below  the  pitch-line  is  =  yVo  o^  ^^^  pitch. 

The  total  height  of  the  tooth  is  =»  ^  of  the  pitch. 

The  shape  of  the  tooth,  shown  in  Fig.  420,  is  involute. 

Diametral  Pitch  of  the  Teeth  of  Small  Wheels.— The  pitch  of  the 
teeth  of  change  wheels  for  lathes,  and  of  other  small  wheels,  is  generally 
measured  by  the  diametral  pitch,  which  represents  the  number  of  teeth  per 
inch  of  the  diameter  of  the  pitch-circle 
of  the  wheel.  The  teeth  of  small 
wheels  are  generally  of  the  involute 
form  shown  in  Figs.  421-423. 

The  diametral  pitch  corresponding 
to  the  circular  pitch  of  the  teeth  of  a 
wheel  is  =  3*1416  -f-  the  circular  pitch 
in  inches. 

The  circular  pitch  corresponding  to 
the  diametral  pitch  of  the  teeth  of  a 
wheel  is  =  3'i4i6  -r  the  diametral 
pitch. 

The  diameter  of  the  pitch-circle  is 
two  parts  less  than  the  external  diameter 
of  the  wheel.  Therefore  the  external 
diameter  of  the  wheel  is  =  (the  number 
of  teeth  +  2)  -f-  the  diametral  pitch; 
and  it  is  also  =  the  diameter  of  the 
pitch-circle  of  the  wheel  +  (2  -5-  the 
diametral  pitch). 

The  diametral  pitch  of  the  wheel 
is  -the  number  of  teeth  of  the  wheel  -7-  the  diameter  of  the  pitch  circle 
of  the  wheel  in  inches. 

The  number  of  the  teeth  of  a  wheel  is  =  the  diameter  of  the  wheel  at 
the  pitch-circle  in  inches   x  the  diametral  pitch. 

The  diameter  of  the  pitch-circle  of  a  wheel  in  inches  is  «  the  number 
of  the  teeth  -r  the  diametral  piich. 


Fig.  421.— Teeth  of  a  X3  per  inch  wheel. 
Fig.  422.— Te  th  of  an  8  per  inch  wheel. 
Fig.  433.— Teeth  of  a  s  per  inch  wheel. 
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Take,  for  instance,  a  wheel  with  loo  teeth,  20  inches  diameter  of  the 
pitch-circle,  and  5  per  inch  diametral  pitch.  Then,  the  diametral  pitch  of 
the  wheel  is  «  100  teeth  -»-  20  inches  «  5  per  inch;  the  number  of  the 
teeth  is  «  30  inches  x  5  per  inch  pitch  =  100;  the  diameter  of  the  pitch- 
circle  is  =  100  teeth  •?-  5  per  inch  pitch  =  20  inches;  and  the  external 
diameter  of  the  wheel  is  =  icx)  teeth  +  2  «  102  ^  5  per  inch  pitch  =  204 
inches. 

Transmission  of  Power  hj  Shafts  and  Shafting  in  Factories. 
— To  obtain  the  necessary  rigidity  to  prevent  springing,  brackets  for  sup- 
porting the  bearings  of  shafts  and  shafting  carr}'ing  toothed  wheels  should 
be  formed  in  one  casting,  and  the  bearings  should  always  be  placed  close 
to  the  bosses  of  the  wheels. 

The  size  of  shafts  is  frequently  determined  by  instinct,  the  result 
being  that  they  are  often  found  to  be  either  too  weak  or  too  strong  for 
their  work.  It  is  better  to  proportion  them  by  rules  based  on  practical 
experience. 

The  number  of  indicated  horse-power  that  may  be  transmitted  by  ordi- 
nary shafts,  and  by  shafting  in  factories,  may  be  found  by  the  following 
lule : — 

Multiply  the  cube  of  the  diameter  of  the  shaft  in  inches  by  the  number  of 
its  revolutions  per  minute,  and  divide  the  product  by  45  for  a  forged  mild- 
steel  shaft,  by  55  for  a  rolled  mild-steel  shaft,  by  70  for  a  forged  wrought- 
iron  shaft,  by  80  for  a  rolled  wrought-iron  shaft,  and  by  130  for  a  cast-iron 
shaft. 

Example:  What  number  of  indicated  horse-power  maybe  transmitted 
by  a  forged  mild-steel  shaft,  of  3  inches  diameter,  making  100  revolutions 
per  minute? 

Then,  (3x3x3  inches  diameter  x  100  revolutions  per  minute)  4-45 
=  60  indicated  horse-power. 

The  diameter  in  inches  of  ordinary  shafts,  and  of  shafting  in  factories, 
suitable  for  the  transmission  of  a  given  number  of  indicated-horse-power 
may  be  found  by  the  following  rule : — 

Multiply  the  number  of  indicated  horse-power  by  45  for  a  forged  mild- 
steel  shaft  by  55  for  a  rolled  mild-steel  shaft,  by  70  for  a  forged  wrought- 
iron  shaft,  by  80  for  a  rolled  wrought-iron  shaft,  and  by  130  for  a  cast-iron 
shaft,  and  divide  the  product  by  the  number  of  revolutions  of  the  shaft  per 
minute.  The  cube  root  of  the  quotient  is  the  diameter  in  inches  of  the 
shaft. 

Example:  Required  the  diameter  in  inches  of  a  rolled  steel  shaft  to 
transmit  500  indicated  horse-power  at  100  revolutions  per  minute  ? 

Then,  (500  indicated  horse-power  x  55)  -^  100  revolutions  =  275,  and 
^275  =  6J  inches,  the  diameter  of  the  shaft  required. 

The  strength  of  shafts  and  shafting  to  resist  a  torsional  or  bending  strain, 
may  be  found  by  the  Rule  on  page  333. 

As  the  friction  of  shafts  in  bearings  is  in  proportion  to  their  weight, 
shafting  should  be  as  light  as  is  consistent  with  the  required  stiflFness  and 
strength.  Stiffness  is  of  very  great  importance,  as  a  shaft  that  bends  or 
yields  to  the  strain,  requires  more  power  to  drive  it  than  is  required  by  a 
heavier  shaft  stiff  enough  to  resist  the  strain. 
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A  BERDARE-COAL,    composition    of, 

,  evaporative  power  of,  io6. 

Absorption,  96. 

Acid  water,  to  purify,  212. 

Action  of  flame   in   boiler  furnace-tubes, 

93. 
of  injectors,  200,  203. 

Actual  or  indicated  horse-power,  375. 

evaporative  efficiency,  103. 

evaporative  power  of  coal  and  other 

fuels,  107. 

power  developed  by  combustion,  92. 

Adamson's  flanged  seam,  169,  215. 

Admiralty  allowance  for  the  bulk  of  coal, 

knot,  355. 

Air,  3,  10, 

,  compression  of,  4 — 6. 

consumed  per  lb.  of  combustible,  in 

experiments  with  boilers  with   natural 

draught,  121,  122. 
-,  effect  of  an  excessive  supply  of,  to  a 


furnace,  122. 
— ,  force  of,  10,  II. 
— ,  heat  in  the,  6. 
— ,  hot,  evolved  by  combustion,  84. 
— ,  increase  in  volume  of,  due  to  eleva- 
tion of  temperature,  6,  7. 
—  or  relief-valve  for  a  steam-chest,  298. 
— ,  quantity  chemically  consumed,  82. 
— ,  quantity   and    temperature   of,    in 


boiler- furnaces,  84. 

—  required  for  combustion,  82. 
— ,  specific  heat  of,  41. 

—  supplied  to  boiler-furnaces,  84,  121. 
— ,  temperature  of,  6. 

— ,  vitiation  of  the,  by  the  products  of 

combustion,  83. 

— ,  warm  forced  draught  with,  126 — 130. 

— ,  weight  of,  4. 

— ■,  weight  of,  required  for  combustion 


per  lb.  of  coal,  82,  121. 
Air-pressure  in  stokeholds,  eflect  of,  1 12, 

113.  . 

,    influence   of,  on  evaporation  and 

combustion,  112,  113. 


Air-pump,  method  of  measuring  the 
quantity  of  water  delivered  by  an,  273, 
274. 

capacity,  cooling-surface,  and  quan- 
tity of  circulating-water  provided  for  the 
surface-condensers  of  marine-engines, 
271. 

-lever,  270. 

-valves,  271,  272. 

Air-pumps,  capacity  of,  for  jet -condensers, 
270. 

,  capacity  of,  for  surface-condensers, 

271. 

,  horizontal,  267,  268, 

,  vertical,  266,  267,  269. 

and  condensers,  264 — 272. 


Air-space  round  steam-pipes,  98,  99. 
Air-valve    for    condensing-engines,     260, 

261. 
Alcohol,  vapour  of,  84. 
Alder  and  ash,  446,  462,  463,  465. 
Alloys,  composition  of,  483 — 497. 

for  fusible-plugs,  224. 

,  strength  of,  460,  461,  478 — ^482. 

,  strength  of,  at  high  temperatures, 

495  -497. 
Aluminium,  467,  470,  471,  481. 

brass,  481. 

,  specific  gravity  of,  467. 

Aluminium-bronze,  strength  of,  460,  461. 

Ammoniacal  gas,  weight  and  volume  of, 
85. 

Analysis  of  coal,  54,  55. 

of  steel  for  crank-axles  and  crank- 
shafts, 330. 

of  water-gas  and  coal-gas,  62. 


Aneroid  barometer,  9. 

Angle  of  a  screw-propeller,  344. 

Angle-iron,  strength  of,  44)8,  450,  457. 

hoop  for  furnace-tubes,  215. 

Angle-steel,  strength  of,  448,  451,  452. 
Annealing  steel-plates,  156. 
Anthracite-ash  coverings  for  steam-pipes, 

99. 
coal,  50,  52,  91,  106. 

Antifriction-metal,    326,    402,    406,    480, 

482—487. 
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Antifriction  white  metal  for  beftrings,  480, 

482—486. 
white  metal   for    metallic    packing, 

487. 

—  white  metal,  wear  resisting  qualities 
of,  498. 

Antimonial  lead,  483. 

Apparatus  for  measuring  water  from  con- 

densing-engines,  273. 
Area,  projected  and  expanded,  of  screw - 

proi>cllers,  345,  352. 

of  blade  of  screw-propeller,  345. 

of  chimneys,  229,  230. 

-^—  of  cylinder  per  nominal  horse-power, 

372. 
of  disc  of  screw-propellers,  345. 

—  of  fire-grate,  power  developed  by  a 
given,  114 — 116. 

of  fire-grate  surface  per  lb.  of  coal 


burnt,  114. 

—  of  opening  given  by  a  slide-valve, 

289. 

—  of  pump-barrels,  278. 

—  of  safety-valves,  185,  195,  196. 
of  tubes  of  feed -water  heaters,  210. 


Art-bronze,  489. 

Art  metal,  492. 

Asbestos    coverings  for   steam-pipes,   98, 

99. 

Ashes,  heat-conducting  power  of,  97. 

Asphalte,  evaporative-power  of,  106. 
Atmosphere,  mean  pressure  of  the,  7. 

,  temperature  of,  6. 

Atmospheric  air,  3. 

,  weight  of,  4. 

,  weight  and  volume  of,  84,  85. 

Atmospheric-pressure,  7,  9. 
Atmospheric-resistance,  8. 
Automatic  barring-engine,  408,  410. 

expansion-gear     of     non-condensing 

compound  engine,  414. 

injectors,  152,  184,  201—207. 


Average  strength  and  weight  of  metals, 

475—482. 
Axial  Girard -turbine,  32. 
Axles,  crank,  of  locomotives,  328,  329. 


"D  ABBITT  -  MEl'AL,   composition    of, 

■^     480,  483. 

Balanced  cranks,  bolts  for  the  balance- 
weight  of,  327. 

slide-valves,  295 — 298. 

Balls  for  safety-valves,  189. 

Barker's  fuel,  52. 

Barometer,  aneroid,  9. 

,  ordinary,  8,  9. 

Barring-engine,  408.  41a 

Bars  and  plates  of  wrought-iron  and  steel, 
suength  of,  448—458,  475—478. 


BasketfiiU  of  coal  burnt  on  a  steam-ship, 

88,89. 
Bays,  measurement  cf  water  flowing  over, 

23.  24,  274,  275. 
Bearing  capacity  of  the  journals  of  shads, 

511. 
metals,    wear-resisting   qualities  of, 

497.  498. 
Bearings,  abrasion  of,  511. 

,  alloys  for,  483 — 497. 

,  antifriction  metal  for,  482—487. 

,  average  pressure  on,  512,  513. 

,  bronze,  composition  of,  487 — 489. 

,  footstep,  5 1 3»  516,  517. 

,  gun-metal,    composition     of. 


490, 


491. 

— ,  beating  of,  511. 

— ,  length  of,  515. 

— ,  lubricants  for,  509,  510, 

pressure  suitable  for,  513,  514. 


,  self- lubricating,  508. 

Beech,  birch  and  box,  446,  463,  465. 
Bell -metal,  composition  of,  492. 
Bending,  strength    of  shafting   to  resist, 

333- 
Bent  cranks,  330. 

Benzine,  vapour  of,  weight  and  volume  of, 

85. 

Bessemer-steel,  strength  of,  453. 

Bevel  toothed  wheels,  526,  531. 

Bituminous  coal,  50,  52,  91. 

Blade     of    screw-propeller,     surface    of, 

346. 
Blast-pressure    in    a  chimney,    effect    of, 

108. 
Blowers,  steam- jet,  129,  130. 
Blow-oflf,  silent,  for  marine  safety-valves, 

197. 
cocks,  224,  225. 

Blowing  off,  19 — 22. 

,  feed- water,  required  when,  18. 

,  loss  of  heat  by,  21. 

Blown-out  rivet,  225. 

Blue-gum -leaves  for   preventing   scale   in 

steam-boilers,  212. 
Board,   notched,  measurement  of  flowing 

water  by  a,  23,  24,  274,  275. 
Boiler  blow-off  cocks,  224,  225. 

,  egg-ended,  95. 

,  evaporative  performance    of,    108 — 

113,  127— 141,  227,  24a 

-explosions,  230—240. 

explosions,  causes  of,  23.0 — 232. 

-furnace-tubes,  collapsing  pressure  of, 

168,  169. 

furnaces,  temperature  in,  95,  132. 

plates,  arrangement  of,  155. 

plates,  soundness  of,  156. 

-plates,  strength   of,   155,    156,  448, 


45 1»  453,  475.  47^. 
plates,  steel,  156. 

•plates,  steel,  strength  of,  156,  448, 


450— 453>  476. 
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Boiler-plates,    wrought -iron,    strength  of, 

i55»  156,  448,  45h  456,  457i  475. 

scale,  211,  212, 

setting,  216. 

-shells,  166,  167. 

tubes,  178— 181. 

tubes,  action  of  flame  in,  94. 

Boilers,  arrangement  of  plates,  1 55. 

,  bursting-pressure  Of,  167. 

,  collapsing-pressure   of   the   furnace- 
tubes  of,  168,  169. 

,  construction  of,  213 — 224. 

,  Cornish,  construction  of,  213,  214. 

,  corrosion  of,  232 — 235. 

,  corrugated  furnaces,  170. 

-.  defects  in  the  design,  workmanship 


and  material  of,  239. 
— ,  diameter  of  rivets,  157,  163. 
— ,  diameter  of  shell  of,  166. 
— ,  effect   of   feetling  with  cold   water, 
206,  207. 

— ,  efficiency  of,  104,  108,  140. 
— ,  equivalent  evaporation,  104,  105. 
— ,  evaporative  performance  of,    108 — 
113,  121,  122,  127,  129,  131,  133,  136, 
137—140,  141,  227,  240. 

expansion    hoop   for   furnace-tubes, 


215. 

— ,  feed-water,  consumption  in,  150, 152, 

153.  '99- 
— ,  feed- water  heaters  for,  208 — 211. 

— ,  feed-pumps  for,  184,  199,  200. 

— ,  fire-box,  roof-stays  of,  173,  174. 

-,  fire-grate-surface,    and    heating-sur- 


face of,  114 — 120. 
— ,  flat-surfaces  of,  175 — 177. 
— ,  Galloway,  216,  217. 
— ,  girders  for  flat-surfaces,  174. 
— ,  horse-power  of,  151 — 155. 
— ,  injectors  for,  152,  184,  200 — 207, 
— ,  Lancashire,  construction  of,  214. 
— ,  Lancashire,  test  of,  240. 
— ,  locomotive,  134—136,  218,  219. 
— ,  locomotive,  evaporative  performance 
of,  108,  III,  136,  140. 
-,  marine,  115,  116,   136 — 139,  220— 


224. 

— ,  perforated  steam- pipe  of,  182. 
— ,  proportions  of  riveted -joints  of,  157 
—166. 

— ,  quantity  of  water  evaporated  by  dif- 
ferent types  of,  108 — 113,  121,  122,  127 
—141,  227. 

— ,  safety-valves  for,  184 — 198. 
— ,  serve  tubes  for,  181. 
— ,  smoke-tubes  of,  178 — 18 1. 
— ,  stays  of,  175—198. 
— ,  steam -space,  182. 
— ,  strength  of  plates,  155,  156. 
— ,  strength  of  shell  of,  166. 
-,  strengthening-rings  for  furnace-tubes, 


215. 


-,  strengthening-ring  for  manhole,  215. 


Boilers,  thickness  of  plate  for  flat  surfaces 

of,  176. 

,  thickness  of  shell-plates,  167. 

,  to  preserve  when  not  in  use,  239. 

using  vegetable-refuse  fuel,  fire-boxes 

of,  77. 

,  vertical,  217. 

-,  water  to  be  pumped  ijito  to  raise 


the  water-level,  280. 
— ,  water-tube,  226 — 228. 
— ,  water  -  tube,    heating    surface    and 
horse-power  of,  155. 
— ,    working-pressure    of  boiler-shells, 
166. 


— ,  working-pressure  on  screwed   slays 

for  flat  sur^ces,  177. 

— ,   working-pressure   of   furnace-tube, 

168. 
-,  method  of  testing,  240. 


Boiling-points  of  sea  water,  17. 

Boll -iron,  strength  of,  448,  450. 

Bolt-stays,  176,  177. 

Bolts    for    couplings  of   screw-propeller- 
shafting,  332. 

for  cylinder-covers,  395. 

Boss  of  screw-propeller,  345. 

Brass,  composition  of,  for  various  purposes, 
489,  491. 

Brass,  strength  of,  460,  480. 

tubes,  composition  of,  490. 

tubes,  strength  of,  480. 

wire,  strength  of,  461,  480. 

Brass  and  bronze,  specific  heat  of,  41. 

Breeze,  evaporative  power  of,  79. 

,  pressure  of,  ii. 

Bremme*s  valve-gear,  311,  312. 

Brickwork  of  combustion-chambers  burn- 
ing liquid -fuel,  72. 

Bridge-plates,  strength  of,  448,  457. 

Brighton  Railway,  consumption  of  coal  on 
per  ton  of  train,  89. 

,  evaporative  performance  of  locomo- 

live-engine-boilers  on  the,  109. 

Brine,  pressure  of  steam  to  expel,  20. 

,  saturated,  17. 

British  unit  of  heat,  40. 

Bronze  or  gun-metal,   strength   of,   460, 

478,  479- 
,  aluminium,  composition  of,  481. 

,  aluminium,  strength  of,  460,  481. 

,  art,  489. 

,  ferro,  composition  of,  479,  487. 

,  ferro,  strength  and  weight  of,  479. 

,  ferro-a  hi  minium,  489. 

for  bearings  and  other  purposes,  com- 
position of,  478,  479,  487—497. 

manganese,    composition    of,    494, 


495 


,  manganese,  strength  and  weight  of, 

478. 

— ,  phosphor,  composition  of,  488. 

— ,  phosphor,   strength    of,    460,   479. 

-— ,  silicium,  wire,  strength  of,  462. 
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Bronze,  silicon,  strength  and  weight  of, 

478. 
,  strength  of,  at  high  temperatures, 

495—497. 
Bronzes,  various,  strength  and  weight  of, 

478—479. 
Buckets  of  water  turbines,  30,  32,  34. 

of  water-jet  motors,  34. 

Built-up  crank -shafts,  323. 
crank-shafts  for  triple  expansion  en- 
gines, 322—324. 
Bulk  of  coal,  52. 

of  coke,  52. 

of  gunpowder,  53. 

of  i>etrolcum- refuse,  53. 

of  wood,  53. 

Bunkers,  coal,  53,  54. 

,  to  find  the  dimensions  of,  53. 

Burning  coal-dust,  coke-dust,  breeze  and 

similar  refuse-fuels,  78  —80. 
—  liquid -fuel,  69 — 74. 

refuse-fuel,  67—74,  76—80. 

straw,  77. 

vegetable-refuse- fuel,  76,  77. 

Bursting  of  steam-boilers,   examples  of, 

230 — 240. 
Bursting-pressure    of  cylindrical    boilers, 

167. 
Bursting  velocity  of  toothed  wheels  and 

fly-wheels,  527. 
Busnes  for  crank-shaAs,   metal  for,  326, 

486,491. 
with  lining-strips  of  white  metal,  486. 


/^ABLE-IRON,  strength  of,  449,  450. 
^-^     Calculations  for  pumps,  281. 
Calorific  power  of  coal-gas,  59,  62. 

of  combustibles,  57 — 59,  62,  65,  66. 

of  water-gas,  62. 

Calorimeters,  42,  43. 

Canals,  evaporation  from  the  surface  of 

water  in,  15. 
Capacity  for  heat,  42. 
of    air-pumps    for   jet  •  condensers, 


270. 


of  air-pumps  for  surface-condensers. 


271. 

—  of  a  pump-barrel,  278. 

—  of  circulating-pumps,  264. 

—  of  condensers,  260. 
stowage  of  fuels  and  stores,  53. 


Carbon,  54,  56. 

,  healing- power  of,  57. 

Carbonate  of  hme  in  feed-water,  211,  212. 
Carbonic-acid,  3. 

oxide  eas,  84. 

Carburetted  hydrogen,  85. 


Castings  of  steel,  composition   of,  447, 

527. 

,  strength  of,  448,  453,  477. 

Cast-iron  cranks  for  large  pumps,  330. 
Cast-iron,  expansion  of  by  heat,  48. 

liners  for  cylinders,  389. 

,  specific  heat  of,  41. 

swivel  bearings  for  shafting,  516. 

,  tensile  and  compressive  strength  of, 

458.  459.  475^ 
toothed  wheels,  strength  of,  528. 

Cast-steel,  strength    of,  453,    454,    475, 

478. 
fire-box  roof-stays,  173,  174. 

for  toothed  wheels,  527. 

Causes  of  loss  of  efficiency  of  turbines,  27. 

of  steam-boiler  explosions,  230—232. 

Centrifugal  force,  stress  in   the    rims   of 

wheels  produced  by,  526,  527. 
Chaflf-coverings  for  steam-pipes,  99. 
Chain-iron,  strength  of,  449,  450. 
Chalk-waters,  to  purify,  2f2. 
Charcoal  iron-wire,  strength  of,  461. 
Chemical  composition  of  combustibles,  57. 
Chimney,  effect  of  air-blast  in  a,  ia8. 

,  effect  of  a  steam-blast  in  a,  108. 

draught,  85,  86. 

Chimneys  for  steam-boilers,  228 — 230. 

,  size  of,  for  factory-boilers,  229,  23a 

,  temperature  of  the  gases  in,  94. 

Chisel-steel,  strength  of,  455. 
Chloroform,  weight  and  volume  of,  85. 
Chrome-bronze,  strength  and  weight  of, 

478. 

steel,  strength  and  weight  of,  476. 

Circular-furnaces  of  boilers,  1 68 — 171. 
Circulation  of  water  in  boilers,  100 
Circulating- pumps,  264,  265. 

water  for  condensers,  262,  264,  271. 

Classes  of  turbines,  26. 
Clay-coverings  for  steam-pipes,  99. 
Clear-burning  coal,  50. 
Closed  stokeholds,  112. 
Coal  and  other  fuels,  50. 

,  anthracite,  50,  52,  91. 

,  anthracite,  cost  of  per  train-mile  in 

locomotives,  91. 
,  anthracite,  bituminous,  clear-burning, 

flaming,  fuliginous,  Newcastle,  Welsh,  50. 
bituminous,  cost  of  per  train-mile  in 


locomotives,  91. 

—  burnt  on  a  voyage,  87,  89,  116. 

—  burnt  in  a  watch,  88. 

—  burnt  per  day,  88. 
— ,  bulk  of,  52. 

— ,  composition  of,  51. 

—  consumed  by  locomotives,  89. 

—  -consumption  per  train-mile,  89. 
— ,  evaporative-power  of,  106,  107. 

—  -heating,  power  of,  52,  58. 
— ,  practical  analysis  ofi  54,  55. 

— ,  quantity  left  at  the  end  of  a  voyage, 
88,  09. 
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Coal  and  other  fuels,  rate  of  evaporation  of 

various,  iii. 

,  space  required  to  contain,  54. 

,  specific  gravity  of,  51,  53. 

,  weight  of,  50—52. 

Coal-ashes,  covering  for  steam-pipes,  99. 

bunkers,  53. 

-dust  and  saw-dust,  evaporative- power 

of  a  mixture  of,  107. 

,  evaporative-power  of,  79,  107. 

fuel,  burning,  78,  80. 

-gas,  composition  of,  59,  62,  83. 

-,  heating  power  of,  59,  83. 


Coil  for  heating  water,  209. 
Coke-heating,  power  of,  58. 

,  patent,  52. 

,  weight  of,  52. 

Coking  filing,  129,  130. 

Cold-blast  cast-iron,  strength  of,  458. 

feed -water,  effect  of  in  boilers,  206, 


207. 


263. 


•rolling,  effects  of  on  iron,  458. 
surfaces,  steam  condensed  by,  262, 


-water  poured  into  a  hot  boiler,  effect 
of,  236. 
Collapse  of  furnace-tubes  from  over-heating, 

237. 
Collapsing- pressure  of  furnace-tubes,  168, 

169. 
Collecting-pipe  for  steam,  182. 
Column  of  air,  8. 

of  mercur}-,  7,  8. 

of  water,  7,  8. 

,  pressure  of,  10,  15. 

Colza-oil,  composition  of,  and  heat  evolved 

by  the  combustion  of,  83. 
Combustibles,    chemical    composition    of, 

57- 
,  heat  developed  by,  57 — 59. 

,  heat  evolved  by,  65,  66. 

Combustion,  56,  81,  129,  130. 

,  air  requiretl  for,  82. 

,  forced,  112— 131. 

,  force  developed  by,  92. 

,  influence  of  air-pressure  on,  112. 

in  steam-boilers,  rate  of,  91. 

of  various  coals,  rate  of,  92. 

,  products  of,  82,  83. 

Combustion-chamber,  stays  for,  175 — 178. 

'Chamber  for  burning  of  liquid-fuel, 

69—73- 
Communication  of  heat,  96. 

Comparative  trials  of  a  locomotive  burn- 
ing petroleum,  anthracite,  bituminous 
coal  and  wood,  91. 

Components  of  the  salts  of  sea- water,  16. 

Composition,  heating-power  and  evapora- 
tive-power of  crude  petroleum-oil,  90. 

of  alloys,  483—497. 

of  antifriction  white  metals,  326,  402, 

483—487,  492—494. 
-^  of  bearing  metals,  483 — ^491. 


I 


Composition  of  brass,  bronze,  and  various 

alloys,  489 — 494. 

of  condenser-tubes,  265. 

of  coal-dust  fuel,  79. 

of  coal-gas,  59,  62. 

of  metal  for  metallic  packing,  402, 487. 

of  sea- water,  16. 

of  steel-wire,  455. 

of  water-gas,  62. 

and  weight  of  coal,  51. 

Compound-engines,  conversion  of,  to  triple 

expansion  engines,  418. 

,  diameter  of  cylinders  of,  386. 

,  economy  of,  151,  152,  385. 

,  non-condensing,  410,  412 — 414. 

,  rules   for  nominal   h  jfse-power    of, 

371—373. 

Compound  surface-condensin^  screw- 
engines,  415. 

Compressedsteel-shafting,  rules  for,  332. 

Compression  of  air,  4 — 6. 

Compressive  strength  of  cast-iron,  458. 

strength  of  ice,  14. 

strength  of  timber,  462 — 465. 

Condensation  of  steam,  253,  255. 

of  steam  in  condensers,  257 — 271. 

loss  from  in  engine- cylinders,  151, 424. 

Condensed  steam,  water  from,  209,  379. 

Condenser,  capacity  of,  260. 

,  ejector,  the,  261. 

-jet,  259,  260^  268. 

,  power  obtained  by  using  a,  257. 

,  temperature  of  water  in,  258. 

tubes,  264,  265. 

-tubes,  packings  for,  265,  266. 

,  vacuum  in,  257. 

Condensers,  surface,  air-pump  capacity, 
cooling  surface  and  quantity  of  water 
provided  for  in  marine  engines,  271. 

,  surface,  115,  261 — 268. 

,  water  for,  258. 

Condensing-engines,  efficiency  of  steam  in, 

257' 
,  air-valve  for,  260,  261. 

,  method  of  testing,  273 — 277. 

,  nominal  horse  power  of,  367,  368. 

Condensing-water,  heat  carried  off  in,  272, 
276. 

Conduction  of  heat,  97. 

Connect ing-rods,  3 1 5  — -320. 

,  diameter  of,  317. 

for  locomotive  engines,  319,  320. 

for  marine-engines,  315 — 317, 

for  stationary-engines,  316,  318. 

Connecting-rod -bolts,  317. 

Construction  of  feed-water  heaters,  209. 

of  steam-boilers,  213 — 224. 

Consumption  of  coal  by  locomotives,  89. 

of  coal  in  triple  and  quadruple  ex- 
pansion engines,  93,  1 16. 

of  coal  in  a  voyage,  87,  1 16. 

-.^— of  coal  per  mdicated  horse-power, 
88,  116. 
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Consumption  of  coal  per  indicntctl  horse- 
]>owcr  by  stationary,  portable,  locomo- 
tive and  marine  engines,  92. 

of   coal    per    nominal    horse-po^i'er, 

92- 
of  coal  per  train-mile,  89. 

of  coal,  speed  of  steamship  due  to  a 

given,  87. 

—  -  of  coal,  variation  of,  in  marine  l}oilers, 

of  fuel  by  hot-air  engines,  63. 

of  fuel  in  steam -lM>iler  furnaces,  81. 

of  gas  by  gas-engines,  61. 

of  petroleum-refuse  fuel,  90. 

of  steam  by  engines  of  different  types, 

150,  152,  153. 

of  Steam,  saving  effectetl  by  the  use 

of  superheated  steam,  153. 

Contents  of  tanks,  282. 

Contraction  of  lK>ilcr- plates,  from  cold -feed 
water,  208. 

of  wrought -iron  in  cooling,  49. 

Convection  of  heat,  100. 

Conversion  of  compound  engines  to  triple- 
expansion  and  quadruple-expansion 
engines.  418,  420. 

Cooling,  contraction  of  iron  in,  49. 

-surface  of  surface-condensers,    115, 

262,  264,  271. 

■water,   velocity  of,  through  surface- 


condensers,  264. 
-water    for    surface-condensers,   262, 

264,  271. 
Copper  and  tin  alloys,  487 — 497. 

,  strength  of,  460,  461,  480. 

^^,  strength  of,  at  a  high  temperature, 

497. 
-tul>es,  strength  of,  480. 

-wire,  strength  of,  462,  480. 

Cork -coverings  for  steam-pipes,  99. 

Corliss-engine,  155,  408,  409,  500. 

cylinder,  409. 

Corliss-valves,  301,  409. 

valve -gear,  301,  302. 

Cornish -boilers,    causes   of   explosion    of, 

230. 

,  construction  of,  215. 

,  evaporative  performance  of,  107,  108, 

III. 
-,  setting,  216. 


Corrosion  of  boilers,  232 — 235. 

of  boilers,  use  of  zinc  for  preventing, 

234. 
Corrugated  furnace-tubes,  170. 

Cotton  and  cotton-seed  coverings  for  steam- 
pipes,  99. 

Counterbalanced -levers  of  safety-valves, 
189. 

Couplings  for  crank-shafts,  325,  326. 

and  bolts  for  screw-propeller  shafting, 

332. 
Coupling-rods  of  locomotive  engines,  319 
—321. 


Coverings,    non-condncting,     for     steam, 
pipes,  98,  99. 

Crank  and  eccentric,  285. 

,  counter-balance  weight  for,  327. 

,  proportions  of,  326. 

Cranks  and    eccentrics    of  a  locomotive- 
engine,  285. 

,  bent.  330. 

■        of  tiip1e-ex])ansion  engines,  arrange- 
ment of,  387. 

,  three-throw,  for  pumps,  330. 

Crank -axles,  locomotive,  328,  329,  476. 

and  crank-shafts,  analysis    of    steel 

for,  330. 

-axles    and    crank-shafts,  failure    of. 


329. 

—  -pin,  strain  on  a,  326,  327. 

shaft -couplings,  325,  326. 

shaft-journals,  325,  326. 

—  -shafts,    causes     of    straining,    329, 
330. 

— ,  diameter  of,  324,  325. 

—  of  marine-engines,  322—327. 

—  of  marine-engines,  built  up,  322. 
of     triple-expansion    marine-engines 


built  up  on   Mr.    T.   P.   HalPs  S)rstem, 

proportions  and  weight  of,  322  —324. 
Crank-webs,  to  proportion,  325,  326. 
Creosote-oil  as  liquid  fuel,  59,  73,  74. 

,  evaporative  power  of,  106,  107. 

Crossheaas,  locomotive-engine,  403,  514. 

,  marine -engine,  405,  406. 

,  stationary-engine,  404. 

,  strength  of  cotter  of,  and  cross-head  • 

pin,  403. 
Cross-tube  boilers,  vertical,  217. 
Crucible-steel,  strength  of,  454. 
Crude-petroleum-oil,  evaporative  power  of, 

90,  107. 

,  heating-power  of,  90. 

Cubic  foot  of  air,  weight  of,  4. 

foot  of  ice,  weight  of,  14. 

foot  of  sea- water,  weight  of,  15. 

foot  of  snow,  weight  of,  14. 

foot  of  various  materials,  weight  of, 

475—482. 

foot  of  water,  weight  of,  14. 

yard  of  sea- water,  weight  of,  15. 


Cupreous  steel,  475. 

Cushioning,  286. 

Cut-off  by  a  slide-valve,  point  of,  288. 

Cylinder,  expansion  of  steam  in  a,  377 — 

384. 

mean-pressure    of    steam    in     a. 


steam    in     a. 


diagram  of,  380. 

— ,    mean-pressure    of 

rules  and  table  for,  381 — 384. 

—  of  a  Corliss  engine,  409. 

—  of  gas-engine,  61. 

—  of     a    steam-engine,    to    find 


the 
diameter  of  a,  384,  385. 
Cylinder-area   per  nominal  horse-power, 
372. 
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Cylinder-covers,  bolts  for,  395. 

escape-valves,  395. 

metal,  test  for,  393. 

Cylinders,  condensation  of  steam  in,  151, 
424. 

metal  for  liners  for,  389. 

of  compound  engines,  ratio  of,  385. 

of   compound    marine-engines,  pro- 
portions of,  392. 

of  horizontal  and  vertical  stationary 


engines,  proportions  of,  392. 

—  of  locomotive-engines,  thickness    of 
and  metal  for,  390. 

—  of  marine-engines,  metal  for,  393. 

—  of  marine-engines,  thickness  of,  389. 

—  of  quadniple-expansiun-engines,  ratio 

of,  388»  389. 

—  of  stationary-engines,  metal  for,  391. 

of  triple-expansion-engines,  ratio  of. 


ii5»  386,  387,  393.  394. 
—  of  triple-expansion-engines,  velocity 
of  steam  through,  393. 

thickness  ofliners  for,  389. 


Cylindrical-boiler  shells,  strength  of,  166. 


DEAD-WEIGHTED  safety-valves,  197, 
198. 

Deep  bore-holes,  temperature  of,  39. 

mines,  temperature  of,  40. 

sea-water,  temperature  of,  38,  39. 

Defective  workmanship  and  materials  of 
steam-boilers,  239,  ^a 

Defects  in  the  design  of  steam-boilers,  239. 

Deficient  lead  of  slide-valve,  286. 

Degrees,  Fahrenheit,  Centigrade  and  Reau- 
mur, 37. 

Delineation  of  a  screw-propeller,   339 — 

341.      ^ 
Density  of  coal,  52. 

of  sea- water,  17. 

of    sea-water    in    boilers    using    it, 


22. 


of  steam,  244,  246. 


Derbyshire  cual,  composition  of,  51. 

f  evaporative  power  of,  106. 

Diagram  of  an  expansion  slide-valve,  293. 

of  the  mean-pressure  of  steam  in  a 

cylinder,  380. 

of  the  motion  of  a  slide-valve,  292. 

of  a  turbine,  28. 

showing  lap  of  slide-valve,  292. 

weight  of  steam  shown  by  a,  424. 


Diameter  and  stroke  of  pumps,  279. 

of  a  boiler-shell,  to  find  the,  166. 

of  connecting-rods,  317. 

of  connecting-rod -bolts,  317. 

of  crank-shafts,  324,  325. 


Diameter  of  cylinder  of  compound -engines, 

385.  386. 
of  cylinder   of    condensing-engines, 

384. 


of  cylinder  of  a  steam-engine,  to  find 
the,  38i4. 

—  of  cylinder  of  non-condensing-steam- 
engines,  384. 

of  cylinder  per  indicated  horse- power, 


385. 


of  feathering  paddle-wheel,  360. 

of  the  nozzle  of  an  injector,  201. 

of  piston,  396. 

of  piston-rings,  399. 

of  piston-rod,  400,  401. 

of  rivets,  157,  162. 

of  rivet-holes  in  soft  steel-plates,  163. 

of  screw-propeller,  345. 

of  screw-propeller-shafting,  331. 

of  screwed    stays    for    boilers,    176, 


177. 


of  a  shaft  for  a  given  strain,  334. 
of  swelled  portion  of  a  stay,  178. 


Diametral  pitch  of  the  teeth  of  small  wheels, 

533. 
Disc-area  of  blade  of  screw-propeller,  345. 

Disc-constants  for  screw-propeller,  352. 

Discharge  of  feed-water  in  boilers,  207. 

Displacement  of  ships,  353,  354. 

,  piston,  396. 

Double-beat  valves,  301. 

ended  marine  boiler,  221,  222. 

expansion  engines,   nominal    horse- 
power of,  37'— 373- 

helical  toothed    wheels,    526,    529, 


531- 

-ported  slide-valve,  289. 


Dowson*s  water-gas,  62. 
Draught,  induced,  129— 131,  133. 

m  chimney,  85,  86. 

. ,  natural,  air  required  for  combustion 

with,  82,  121. 

natural  and  forced,  trials  of  boilers 


with,  112,  113,  116,  120—131. 
Drier,  steam,  253. 
Driving-power  of  flowing  water,  25. 
Duff,  evaporative  power  of,  130. 
Duty  of  steam  pumping  engines,  140 — 144. 


"PARTH,  temperature  of  the,  39. 

■*^     Easing- valve,  196. 

Eccentric,  angle  of  advance  of,  285. 

J  diagram  showing  position  of  an,  292. 

,  radius  of,  285. 

Eccentrics  and  eccentric-straps  of  locomo- 
tive-engines, 306,  307. 

— and  eccentric-straps  of  marine  engines, 
308. 
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Eccentrics  and  eccentric-straps  of  station- 
ary-engines, 302,  307. 

Economical  piston -spectl,  396. 

Economy  eflected  by  heating  feed- water, 
184,  208. 

—  effected  by  the  use  of  superheated 
steam,  152,  153. 

,  maximum  of  steam,  379. 

of  a  perfect  steam  engine,  150. 

of  compound  engines,  385. 

of  different  methods  of  feeing  boilers, 

184. 

of  high>pressure  steam,  244. 

of  triple-expansion  engines,  387. 

Effect  of  carbonic  acid  cas,  3. 

of  heat  on  coal,  56. 

of  heat  on  water,  loa 

Effective  mean-pressure  of  steam  on  the 

piston,  381—384. 

—  mean-pressure  of  steam  on  the  piston, 
table  of,  383. 

power  of  hot-air  engine,  65. 

Efficiency,  evaporative,  103. 

,  loss  of,  in  the  steam-engine,  424. 

,  mechanical,  of  gas  engines  and  oil 

engines,  501,  C02. 
-,  mechanical,  of  steam  engines,  499, 


Evaporation    of   water 
103,  129,  130—140. 


500 


of  an  engine,  256. 
of  different  systems  of  lubrication, 

509. 

of  the  heating-surface  of  a  boiler,  1 19. 

of  pumps,  277. 

of  steam  in  an  engine,  256. 

of  steam-boilers,  104,  108,  140. 

Egg-ended  boilers,  95. 

,  causes  of  explosions  of,  230. 

,  evaporative  performance  of,  108,  ill. 

Ejector-condenser,  the,  261. 

Elasticity,  modulus  of,  446. 

Elastic  hmit  of  iron  and  steel,  447,  475— 

478. 

limit  of  vanous  metals,  475—482. 

Electrogen,  the,  235. 

Ellis  and  Eaves'  system  of  induced  draught, 

130,  I3if  133. 
End -thrust     on     screw-propeller-shafting, 

335- 
Engine,  efficiency  of  an,  256. 

test,  mode  of  carrying  out  an,  275 — 

277. 
Equilibrating-ring  for  slide-valves,  294, 295. 
Equivalent  weight  of  water  evaporated  to 

steam,  104,  105. 
Escape-valves  for  cylinders,  395. 
Estimation  of  carbon  and  hydrogen  in  coal, 

55- 
of  water  in  coal,  54. 

Eucalyptus  leaves,  for  preventing  scale  in 

steam-boilers,  212. 
Evaporation,  equivalent,  104,  105. 
from  the  surface  of  water  in  lakes, 

canals,  and  rivers,  15. 


in    steam-boilers, 


per  square  foot  of  total  heaUng  sur- 
face, rate  of,  iii,  140. 

rate  of,  per  square  foot  of  fire-grate 


surface,  iii,  114. 

rate  of,  with  various  coals,  ill. 


Evaporative-efficiency,  103,  108,  140. 
Evaporative-performance  of  steam-boilers, 

108— 113,  127— 141,  227,  24a 
Evaporative-power  of  breeze,  79,  80. 

power  of  breeze  and  slack,  79,  106. 

power  of  coal,  106—107,  130. 

power  of  coal-dust  fuel,  79. 

power  of  coke,  106. 

-power  of  fuel,  105 — 107. 

power  of  lignite,  106. 

power  of  patent-fuels,  lo6. 

power  of  peat,  106. 

power  of  petroleum,  106,  107. 

power  of  crude  petroleum-oil,  9a 

power  of  straw,  106. 

-power  of  tan-refuse,  106,  107. 

power  of  wood,  106. 

tests  of  locomotive  boilers,  136. 

tests  of  marine  return-tube  boilers, 

129.  131.  133.  136—139. 
lified 


tests  of  modified  locomotive  type  of 
boilers  for  torpedo-boat  catchers,  113. 

Excessive  lead  of  slide-valve,  286. 

Exhaust-lap  of  slide-valves,  287. 

steam,  heat  carried  off  in,  272. 

steam,  heating  water  by,  204,  206, 

209. 

—  -steam,  (quantity  of,  used  by  an  ex- 
haust-steam mjector,  206. 

steam,  velocity  of  in  triple  expan« 

sion-engines,  393. 

steam  injector,  202 — 207. 

^steam  injector,  quantity  of  water  de- 
livered by  an,  207. 

Expanded-area   of  screw-propeller-blade, 

345.  3S2. 
Expansion  and  contraction  of  boiler-plates, 

unequal,  due  to  cold  feed- water,  to  cal- 
culate the  strain  caused  by,  207,  ao8. 

Expansion-gear  of  non-condensing  com- 
pound engine,  414. 

hoop  for  furnace- tubes,  215. 

links,  303—305- 

of  air  by  heat,  7. 

of  metals  by  heat,  46 — 49. 

of  steam,  243. 

of  steam  in  a  cylinder,  377 — ^384. 

of  steam,  ratio  of  the,  288,  384. 

of  superheated  steam,  251,  252. 

of  water  by  heat,  15. 

of  water  in  freezing,  14. 

slide-valve,  diagram  of  an,  293. 

valve,  gridiron,  289. 

valve,  separate,  290—293. 

valve,  with  fixed  cut-off,  291. 

-^—  -worked  valve  on  drain*pipe,  47. 
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Experiments  on  boilers  with  natural  draught 
and  with  forced  draught,  121 — 131. 

Explosion  of  gaseous  mixtures,  pressure 
produced  by  the,  62,  63. 

Explosions  of  steam-boilers,  230—240. 

External  corrosion  of  steam-boilers,  232. 


17  ACE  of  toothed  wheels,  pressure  on  the 

^     521—523. 

of  toothed   wheels,  width  of,    521, 

530. 
Factor  of  evaporation,  105. 

of  safety  of  materials,  44^. 

Factories,  friction  of  shafting  in,  504. 
,  friction  of  steam  engines,  shafting, 

and  gearing  in,  500,  501. 
-^,  toothea  wheel  gearing  for,  501,  517, 

S32»533-  . 
-,  transmission  of  power  by  shafts  and 


shafting  m,  534. 
Factory-chinmeys,  rules  for,  229 — 231. 
Factory-engines,  151, 152,  406—413, 499— 

501. 
Fahrenheit,  degrees,  37. 

thermometer,  36. 

Failure  of  crank-shafts,  329,  330. 
Feathering  paddle-wheels,  358,  361. 

screw-propellers,  356. 

Feed-back-pressure  valve,  200. 

discharge,  position    of,    in   boilers, 

207. 

-pumps  (or  boilers,  184,  199,  200. 

—  -water-consumption  in  steam-boilers, 

150»  i52»  i53»  199. 
water,  delivery  of,  207. 

-water,  effect  of  cold,  207,  208. 

water  heaters,  208 — 211. 

-^  -water  heaters,  proportions  of,  210. 

water  heating,  economy  of,  184,  208. 

-water  heating  by  exhaust  steam,  204, 

206,  209. 

¥rater-pipes  from  injectors,  205. 

water,   quantity  derived    from,    in 

the  exhaust- steam  mjector,  205. 

-water,  temperature  in  injectors,  200. 

•water,  saltness  of,  when  using  sea- 


water,  20. 

water,  scale-forming  substances,  211. 

-water,  to  purify,  212. 

Feeding    boilers,    economy   of    different 

methods  of,  184. 

with  injectors,  184,  200 — ^207. 

with  injectors,  evaporative  effect  of, 

no. 
Felt -coverings  for  steam-pipes,  97,  99. 
Ferro-aluminium  bronze,  489. 
Ferro-brass,  480,  489. 
Ferro*bronxe,  479,  487. 


Ferro-bronze  white  metal,  492. 

Ferrule  for  screw  of  spring-beilance,  189. 

Ferrules,    wood,    for    surface-condenser 
tubes,  265. 

Final  temperature  of  steam  in  a  cylinder 
or  condenser,  256. 

Fire-box,  collapse  of,  from  corrosion  and 
over-pressure,  231. 

J  heating  surfoce  of,  in  locomotive- 
boilers,  117. 

of  boilers  using  vegetable-refuse  fuel, 


size  of,  77. 

plates,  steel  for,  430,  476. 

roof  stay-bolts,  173,  174. 

roof  stays,  173,  174. 

roof  stays,  cast-steel,  174. 

roof  stays  of  locomotives,  173,  174. 

side-stays,  175 — 178,  222. 

Fire-boxes,  arrangement  of,  for  burning 

liquid-fuel,  70 — 73. 
Fire-grate  surface  and  heating-surface,  114 

— 120. 

and  heating-surface,  relation  of,  118. 

,  water  evaporated  per  square  foot  of, 

III. 
Firing,  81,  130. 
Flame,  action  of,  in  furnace-tubes,  93. 

,  action  of,  in  boiler  tubes,  94. 

Flaming  coal,  50. 

Flanged  seams  for  furnace-tubes,  169,  214, 

215. 
Flat-faced  safety-valves,  187, 190,  192. 
Flat  surfaces  of  boilers,  staying  ths^  -175 — 

178. 
of  l)oilers,  thickness  of  plate  for  the, 

176. 
Firing  boilers,  129,  130. 
Floats  of  paddle-wheels,  361. 
Flowing  water,  measurement  of,  23 — 25, 

274,  275. 
Flow  of  steam  through  safety-valves,  184, 

194. 

through  an  orifice,  250. 

through  pipes,  144—149,  183,  185. 

Flue-tubes,   or    furnace-tubes,    collapsing 

pressure  of,  168,  169. 

description  of  various  kinds  of,  1 70, 


171. 

Foaming  in  steam-boilers,  114. 
Foot-step  bearings  of  vertical  shafts,  516. 
bearings  of  vertical  shafts,  pressure 

on  the,  513,  517. 
Force  developed  by  combustion,  92. 

,  expansive,  ot  water  in  freezing,  14. 

of  wind,  10,  II. 

Forced  combustion,  1 1 2 — 13 1 . 

draught,  advantages  of  120. 

drau|[ht,   tests  of  boilers  with,  112, 

113,  116,  120,  122— 131. 

draught,  with  warm  air,  126 — 131. 

Fossil-meal  covering  for  steam*  pipes,  98. 
Fractured  boiler-plates,    causes   of,   238, 

239. 
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Fractured  fumace-plates  from  over-heating, 

237- 
Fresh  water,  pressure  of  a  column  of,  15. 

,  volume  of,  14. 

1  weight  of,  14. 

Friction  and  mechanical  efficiency  of  steam- 
engines,  499,  500. 

,  causes  of  excessive,  498. 

,  fluid,  of  the  lubricated  surfaces  of 

machinery,  502. 

of  gas-engines  and  oil-engines,  501, 


502 


of  locomotive  engines,  501. 

—  of  shafting  in  factories,  504. 

—  of  shafts  m  liearings,  498. 

—  of  slide-valves,  294,  505. 

—  of  steam-engines,  377,  500. 

—  of  steam-engines,  shafting,  and  gear- 
ing in  factories,  500,  501. 

—  of  toothed  wheels,  525,  526. 
— ,  reduction  of  by  planishing,  503. 

-,  table  of  coefficients  of,  504 — 507. 


Frontispiece,  description  of  engines  shown 

in,  415 — 418. 
Froude's    formulae    for    screw-propellers, 

350-352- 
Fuel,  50. 

,  Barker's,  52. 

,  evaporative-power  of,  105 — 107. 

,  Holland's,  52. 

,  liquid,  58,  67—74. 

,  Livingstone's,  53. 

,  loss  of,  by  blowing-off,  21. 

,  loss  of,  due  to  a  high  temperature  in 

a  funnel,  86. 

,  Mezaline's,  52. 

-,  patent,  52. 


— ,  Penrose  &  Richard's,  52. 
— ,  specific  gravity  of,  41,  53. 

-,  Warlich  s,  52,  53. 

-,  Wylam's,  52,  53. 


Fuel-gases,  83,  85,  86,  128,  131,  132,  137 

—139. 
Fuels,  radiant  power  of,  94. 

Fuliginous  coal,  50. 
Funnel,  flame  issuing  from,  86. 
,  loss  of  fuel  due  to  a  high  tempera- 
ture in,  86. 
-,  temperature  of  smoke  in,  86,  131, 


137—139- 
Furnace  for  burning  coal-dust,  78. 
of  a  steam-boiler,   temperature   of, 


132. 
237' 


169 


plates  fractured  from   over-heating, 
tubes,   collapsing-pressure   of,   168, 


tubes,  flanged  seams  of,  169,  215. 
—  -tubes  of  boilers,  strengthening-rings 
for,  215. 

-tubes,  plain  and  corrugated,  168— 


171. 


■tubes,  ribbed,  171,  172. 


Furrowing,  corrosive,  235, 
Fusible  alloys,  224,  493. 
plugs,  224,  225. 


/^ALE,  pressure  of  a,  11. 
^-^    Gallon  of  pure  water,  14. 
Gallon  of  sea-water,  17. 
Galloway-boiler,  216,  217. 

,  evaporative  performance  of,  108,  ill. 

Gas,  ammoniacal,  weight  and  volume  of, 
85. 

,  carbonic  acid,  3,  84. 

,  carbonic  acid,  weight  and  volume  of, 

85- 

,  carbonic  oxide,  weight  and  volume 

of,  84. 

-coal,  composition  of,  59,  83. 

coal,  heat  evolved  by  the  combustion 

of,  59,  83. 

coal,  heating-power  of,  59. 

coal,  weight  and  volume  of,  8$. 

from  oil,  00. 

,  hydrogen,  weight  and  volume  of,  84. 

,  Keith,  60. 

,  nitrogen,  weight  and  volume  of,  84. 

,  olefiant,  weight  and  volume  of,  85. 

,  oxygen,  weight  and  volume  of,  84. 

,  Pintsch,  60. 

,  quantity  of,  obtained  from  coal,  59. 

Gas-engine,  highest  temperature  in,  63. 

-engines,  60,  61. 

,  friction  and  mechanical  efficiency  of, 

501,  502. 
Gases  and  vapours,  specific  gravity  of,  469. 

and  vapours,  weight  of,  84,  85. 

,  escaping  from  funnel,  temperature  of, 

86,  131,  137—139- 

,  specific  heat  of,  41. 

weight  and  volume  of,  3,  84,  85. 

Gaseous  coal,  50,  52. 

-mixtures,  pressure  produced  by  the 

explosion  of,  62,  63. 

products  of  combustion,  temperature 


of  the,  95,  96. 
—  products  of  combustion,  volume  of,  85. 
steam,  weight  of,  85. 


Cjearing,  toothed  wheel,  friction  of,  50X 

525,  526. 
,  toothed  wheel,  rules  and  data  for 

517—533. 
Gee  teeth  of  wheels,  519. 

German-silver,  492. 

,  substitute  for,  495. 

Getting-up  steam,  225. 

Girard-turbines,  31 — 33, 

,  axial,  32. 

,  radial,  32. 
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Girder-stavs,  173,  174. 

Glands,  alloys  for  metallic  packing  of,  487. 

,  friction  of  packing  for,  506,  507 

of  stuffing  boxes,  metallic  packing  for, 

402. 
Gold,  specific  gravity  of,  467. 

,  strength  of,  461 

Goods-engines,  consumption  of  coal  by,  89. 
Governors  for  marine  engines,  423,  424. 

,  friction  of,  505. 

for  a  stationary  engine,  408,  409, 

414. 
Graphite  bronze,  488. 

grease,  510. 

Grate-surface  and  heating-surface,    114 — 

120. 

,  evaporation  per  square  foot  of,  iii. 

, per  lb.  of  fuel,  1 14. 

-,  power  developed  by  a  given,   1 14 — 


116. 

Gravity,  specific,  46$ — 470. 
Giidiron  expansion-valve,  289. 
Grooving,  corrosive,  235. 
Guide-ports  of  turbines,  28. 

vanes  of  turbines,  27,  34. 

Gun  metal  bearings,  326, 487 — 491. 

,  composition  of  various  alloys,  460, 

489—495. 

screw-propellers,  metal  for,  339. 

,  strength  of,  460,  461,  479. 

-,  strength  of,  at  high  temperatures,  497. 


Gunpowder,  bulk  of,  53. 
Gypsum-waters,  to  purify,  212. 


TJ  AIR-FELT  for  steam-pipes,  97, 99. 
•■■  -*•         Hardening  steel,  effect  of,  458, 
Hard  steel-plates,  strength  of,  454. 

• -water,  to  soften,  212. 

Hawkesley- Wild  furnace-tube,  170. 
Heat  and  fuel,  36. 

,  capacity  for,  42. 

• carried  off  in  condensing-water  from 

condensing-engines,  272,  276. 

,  communication  of,  96. 

,  conduction  of,  97* 

developed  by  combustibles,  57 — 59. 

developed  by  fuels  in  burning,  $6. 

developed  by  hydrogen,  57,  105. 

,  distribution  of,  by  convection,  100. 

,  effect  of,  on  water,  100. 


,  effect  of,  on  coal,  56. 

—  equivalent  of  horse-power,  366. 

—  evolved  by  combustibles,  65,  66,  83. 

—  evolved  by  combustion  of  coal, 
coal-jras,  tallow,  stearine,  wax,  sperm, 
paraffin,  colza-oil,  solar-oil,  and  petro- 
leum, 8}. 


Heat  and  fuel  in  the  air,  greatest,  6. 

,  latent,  43,  44,  103. 

,  loss  of,  in  boiler-furnaces,  107. 

,  loss  of,  by  radiation,  98. 

lost  by  blowing-off,  20. 

,  non-conductors  of,  97. 

of  the  earth,  internal,  40. 

,  quantity  of,    expended   in  creating 

natural  draught  in  a  chimney,  122. 

,  required  to  evaporate  water,  105. 

,  in  mixture  of  water  and  steam,  43, 

204,  254. 

,  radiation  of,  94,  97. 

,  radiation  of,  from  steam-pipes,  98, 99. 

radiators  for  smoke-tubes  of  boilers, 


•retarders  for  smoke-tubes  of  boilers, 
131— 134. 
— ,  sensible,  103. 
— ,  specific,  40 — 42. 
— ,  the  source  of  power  of  steam,  366. 
— ,  total,  of  saturated  steam,   103,  104. 
— ,  transmission  of,  through  plates,  1 18. 

unit  of^  40. 


Heaters  for  feed-water,  208 — 211. 

Heating  feed-water,  206,  208. 

-power  of  carbon  and  hydrogen,  55. 

-power  of  coal,  58. 

power  of  coal-gas,  59. 

-power  of  coke,  58. 

-power  of  combustibles,  65,  66. 

1 -power  of  crude  petroleum-oil,  90. 

power  of  liquid  fuel,  58,  59,  90. 

power  of  peat,  58. 

power  of  sawdust,  58. 

surface  and  fire-grate  surface,  118. 

surface,  efficiency  of,  119,  120. 

surface,  evaporation  per  square  foot 

of  total.  III,  140. 

surface  of  boiler- tubes,  179— 181. 

surface  of  a  number  of  marine- 
boilers,  115,  137—139. 

surface  of  serve-tubes,  181. 

surface  of  tubes  and  fire-box,  relative 


value  of,  117. 

surface  of  tubes,  ratio  of  to  that  of 

the  fire-box,  117. 

surface,  power  developed  by,  1 14, 1 1 7« 

—  -surface,  standard  proportions  of  loco- 
motive-engine boilers  on  railways,  117, 

^35. 

-surface,  total,  in  proportion  to  the 


fire-grate  surface,  1 14. 

—  surface  total  of  locomotives,  117, 135. 

—  water  by  steam,  43,  204,  209,  254. 
-surface,  water  evaporated  per  square 


foot  of,  in  different  boilers,  1 1 1, 1 37 — 14a 
Helical  toothed  wheels,  526,  529,  531. 
Highest  temperature  in  gas-engines,  63. 
High-falls,  motors  for,  33,  34,  36. 
High  temperatures,  to  ascertain,  37. 
Holdinff-power  of  tubes  in  tube-plates,  180. 
Hollapd's  fuel,  52. 
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Hollow-shafting  of  Whit  worth's  compressed 

steel,  rules  for,  332. 
Hoop-iron,  strength  of,  448. 

steel,  strength  of,  448,  454. 

Hoops,  contraction  of,  in  cooling,  49. 
Horizontal  jet-condensers,  259. 

stationary-engine,  407,  408. 

Honibeam,  464,  466,  528,  531. 
Horse-power  of  locomotive  engines,  117, 

'35- 
— -  of  steam-engines,  366 — 376. 

,  actual  or  indicated,  366,  375,  376. 

,  due  to  the  complete  combustion  of 

X  lb.  of  coal,  92. 

,  nominal,  366 — 374. 

of  the  *•  Pantancmone,"  13,  14. 

of  pumps,  282. 

of  shafts  and  shafting,  534. 

of  steam-boilers,  151 — 155. 

of  toothed  wheels,  529,  530. 

of  windmills,  13,  14. 

Horseshoe-rin^  of  thrust-hearings,  338. 
Hot-air,  quantity  evolved  by  combustion,  84. 

air  engines,  63,  64,  65. 

blast  cast  iron,  strength  of,  459. 

boiler,  effect  of  pouring  cold  water 

into  a,  236. 

mines,  temperature  of,  39,  40. 

-well,  contents  of,  when  sea-water  is 


used  for  injection,  260. 

•well,  temperature  of,  259. 


Howden's  system  of  forced  draught  with 
warm  air,  126 — 129. 

retarders  for  smoke-tubes,  132. 

Hurricane,  pressure  of  a,  11. 
Hydraulic-propulsion,  361,  362. 

riveted  joints,  156. 

Hydrogen,  55,  56. 

gas,  weight  and  volume  of,  84,  85 . 

Hydrometer,  18. 
Hyperbolic  logarithms,  382. 


I 


CE,  compressive  strength  of,  14. 
Ice,  specific  heat  of,  14. 

,  temperature  resulting   from  mixing 

ice  with  hot  water,  45. 

,  weight  of,  14. 

,  weight  of,  required  to  be  added  to 

water  to  lower  its  temperature,  45. 

Improper  setting  of  steam-boilers,  233. 

Impulse-turbines,  31. 

Incrustation  in  steam-boilers,  211,  212. 

Indiarubber-valves  for  air-pumps,  264,  272. 

Indicated  horse-power  developed  by 
marine-engines  from  a  given  area  of  fire- 
grate-surface and  heating-surface  with 
natural  draught,  116. 


Indicated  horse-power  of  shafts  and  shafting, 

534- 
horse-power  of  toothed  wheels,  529, 

530. 


horse-powei    required    for    a    given 
thrust  with  a  screw-propeller,  347. 
—  horse-power  of  steam-engines,   366. 

375- 

thrust  of  a  screw-propeller,  347. 


Induced  draught,  combustion  with,  129 — 

"33- 
Influence  of  the  length  of  smoke-tubes  on 

evaporation,  134. 
Initial  condensation  of  steam,  424. 
Injection-heaters  for  feed-water,  209. 
of  steam  into  water,  to  prevent  noise 

of,  209. 

pipe,  size  of,  260. 

-water  for  condensing  engines,  258. 


Injector,  automatic  exhaust-steam,  202 — 
207. 

(automatic  re-starting,  201,  202. 

,  evaporative  efficiency  of  a  locomotive- 
engine  boiler  when  fed  with  an,  no. 

,  exhaust-steam,  method  of  fixing  the, 

203. 

—  for  liquid  fuel,  68,  69. 

-nozzles,  201. 

Injectors  for  feeding  boilers,  184,  200 — 
207. 

,  consumption  of  steam  by,  152. 

,    economy  of  feeding   boilers  with, 

184. 

,  quantity  of  water  carried  by,  201. 

,   rise  of  temperature    of    water  in. 


200. 
Internal  corrosion  of  steam-boilers,  233 — 

235- 
Inward-flow  turbines,  29. 

Iron,  cast,  strength  of,  458,  459,  475. 

,  contraction  of,  in  cooling,  49. 

,  expansion  of,  by  heat,  48. 

,  modulus  of  elasticity  of,  446. 

,  nickel,  strength  of,  477. 

,  specific  heat  of,  41. 

,  wrought,  strength  of,  448—452, 457, 

458,  475. 

•wire,    strength    of,  455,  456,    461, 


462. 


JACKET,  steam,  379:  water,  209. 
J     Jet-condensers,  259,  260,  268,  271. 
Jet-condensers,  air-pump  for,  270. 

-condensers,  capacity  of  air-pump, 

270 


-condensers,  vacuum  in,  257. 

propellers,  361,  362. 

Jet  blowers  steam,  129,  130. 
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Jet  water-wheels,  34 — 36. 
Joints,  riveted,  156— -166. 

,  riveted,  proportions  of,  157,  164. 

Jonval-turbine,  diagram  of  buckets  of  a, 

28,  30. 
Journals  of  crank-shafts,  325,  326. 

of  shafts,  b:^aring  capacity  of,  511. 

of  shafis,  length  of  the,  515. 

of  shafts,  pressure  on  the,  511 — 514. 

of  shafts,  velocity  of  the,  514. 

Joy's  valve-gear,  308—310. 


V'AURI-WOOD,  464 

-'^     Keith  oil-gas,  60. 

Keys  for  screw-propellers,  345 

Knots,  speed  in,  data  for,  355. 

Knowles     supplementary    governor,    408, 

409. 
Kunstadter's  screw-steering-propeller,  358. 


T  AKES,  evaporation  from  the  surface  of 

■^    water  in,  15. 

temperature  of,  38,  39. 

Lancashire  boilers,  cause  of  explosions  of, 
230. 

boilers,  constniction  of,  213,  214. 

boilers,   evaporative  performance  of, 

io8,  III,  240. 

boiler,  setting,  216. 

coal,  evaporative  power  of,  107. 

• steam  coal,  composition  of,  51. 

Lap  of  a  slide-valve,  286 — 288. 

of  slide-valve,  diagram  of,  292. 

,  lead  and  travel  of  locomotive  slide- 
valves,  287. 

Latent  heat,  43,  44. 

heat  of  steam,  103. 

Laws  of  expansion  of  metals  by  heat,  46. 

Lead,  antimonial,  for  bearings,  483. 

and  tin  alloys,  composition  of,  483, 

487. 
,  cast,  sheet,  pipe,  strength  of,  460, 

480. 

,  weight  of,  480. 

Lead  of  slide- valves,  285. 

,  deficient  and  excessive,  286. 

Lever  for  working  air-pump,  270. 

safety-valves,  186^190. 

Lift  of  safety-valves,  192. 
Lignite,  evaporative  power  of,  106. 
Lignum-vitse,  464,  406. 


Lime,    to    purify    fce<l-watcr    containingi 

2x2. 
Limit,  elastic,  of  metals,  447,  475 — 482. 
of  the  velocity  of  toothed  wheels, 

524,  525. 
Liners  for  cylinders,  metal  for,  389. 

for  cylinders,  thickness  of,  389. 

Lining  -  strips,   antifriction,   fur   bearings, 

composition  of  metals  for,  485. 
,  antifriction,  for  bearings,  thickness 

of,  486. 
Linking-up,  305. 
Link-motion,  302—305. 
motion  of  locomotive  engines,  303 — 

305 


motion  of  marine  engines,  305. 

-motion  of  a  stationary  engine,  303. 

Liquid  fuel,  heating  power  of,  58,  59. 

fuel  injector,  68,  69. 

fuel,  methods  of  burning,  68—74. 

Liquids,  specific  gravity  of,  469. 

,  speciBc  heat  of,  41. 

Locomotive  boiler,  modified  type  of,  223. 

cranks  and  eccentrics,  285. 

-engine  boilers,  134 — 136,  218,  219. 

-engine  boilers,  causes  of  explosions 

of,  230,  235,  236. 

engine  boiler,  evaporative  efficiency 

of,  when  fed  with  a  pump  and  with  an 
injector,  no. 

-engine  boilers,  evaporative  perform- 
ance of,  X08 — III,  136,  140. 

-engine  boilers  standard  proportions 


of  the  heating  surface  of,   on  various 
railways,  117,  135. 

engine  crank-axles,  328,  329,  476. 

engine  cylinders,  390. 

—  -engine  cylinders,  metal  for,  391. 

—  -engine  crosshead,  403,  514. 

engine  eccentrics  and  eccentric-straps, 

306,  307. 

—  ergines,  friction  of,  501. 

—  engines,  performance  of,  134 — 136. 

—  slide-valves,  friction  of,  505. 
slide-valves,  lap,  lead,  and  travel  of, 


287. 

Locomotives  burning  liquid  fuel,  70,  72. 
,  consumption  of  coal  by,  on  different 

railways,  89. 

,  horse-power  of,  117. 

Lr^arithms,  hyperbolic,  382. 

Lo^  by  condensation   of  steam    in    the 

cylinders  of  engines,  151,  424. 

of  efficiency  of  the  steam-engine,  424. 

of  heat  in  boiler- furnaces,  107. 

of  heat  by  blowing-off,  21. 

— -  of  heat  by  radiation  from  steam-pipes, 

98,99. 

of  vacuum,  257. 


Lubrication,  automatic,  of  bearings,  508. 

,  automatic,  of  toothed  wheels,  532. 

,  efficiency  of  different  systems  of, 


509. 
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Luhrication,  force<l,  507,  50S. 

,  splash,  507. 

Lubricants,  description  and  corapOMtionof. 

50^.  509,  S'O- 


Vf  AGNALITM,  481,  492. 

*'^'-     Manganese  bronze,  composition  of, 

494.  495- 
bronze,  strength  and  weight  of,  478. 

steel,  strength  and  weight  of,  475. 

Manhole  mouth-piece  of  boilers,  214. 

,  strengthening  rings  for,  215. 

Maiine*l)oilers,  causes  of  explosion  of,  230. 

-boilers,  construction  of,  220 — 224. 

lK>ilers,  evaporative-performance  of, 

loS,  111—113,  137—139- 

-boilers,  consumption  of  coal  in,  87. 

boilers,  proportions  of,    115,  220— 


224. 


139 


boilers,    tests    of,    131,    133,    137 — 


-engine  crossheads,  405,  406. 

—  -engine  crank-shafts,  32a  —327. 
engine  cylinders,  proportions  of,  385 

—389.  392. 
engine-governors,  423,  424. 

—  -engine  pistons  and  piston-rods,  399 
— 402. 

engines,  414—424. 

—  -engines,  compound,  415,  417. 
engines,  friction  of,  499,  500. 

—  -engines,  oscillating,  421 — 423. 
-engines,  ix)wer  developed  by,  from  a 


given  area  ot  fire-grate  and  heating-sur- 
face, 115,  116. 

-engines,  quadruple  expansion,   152, 

374,  388,  419.  420,  422,  499,  500. 

-engines,   triple-expansion,  115,   152, 

374.  386,  387,  392—395.  415—418,  499, 
500. 

Martin  *s  system  of  induced -draught,   129, 

130. 

Materials,  radiating- power  of,  98. 

,  strength  of,  448 — 464,  475—482. 

specific  gravity  and  weight  of,  465 — 

482. 

Mean-pressure  of  the  atmosphere,  7. 

• -pressure  of  steam  in  a  cylinder,  dia- 
gram of,  380. 

-pressure  of  steam  on  the  piston,  rules 

and  Uble,  381—384. 

pressure  of  steam  required  for  a  given 

nominal  horse-power,  370. 
temperature  of  a  place,  38. 


Measurement    of   flowing-water,    23—25, 

274,  275. 
Measures  of  water,  14. 


Mechanical  efficiency  of  gas-engines  and 

oil-engines,  501,  502. 

efficiency  of  steam  engines,  499,  500. 

stoker,  81,  82. 

Mercury,  pressure  of  steam   measured  in 

inches  of,  104. 

,  specific  heat  of,  41. 

,  temperature  resulting  from  mixing 

with  hot  water,  46. 

,  vapour  of,  weight  and  volume  of,  85. 


Metallic-packing,  composition  of  alloys  for, 
402,  487. 

packing  for  glands,  402,  487. 

-packing,  friction  of,  507. 

valves  for  air-pumps,  272. 

Metal,  antifriction,  326,  402,  406,  482 — 

487,498. 
,  composition  of,  for  various  purposes, 

483—497. 

for  cylinder-liners,  389. 

for  locomotive-engine  cylinders,  391. 

for  marine-engine  cylinders,  mixture 

off  393- 

for  marine-engine  cylinders,  thickness 


of,  389. 

—  for  stationary  engine  cylinders,  391. 
mixture  of,  for  cranks  for   pumps. 


330 


-,  mixtures  of,  for  gun-metal  and  cast- 
iron  screw-propellers,  339,  490. 

white,  composition   of,  for  van  ^us 


purposes,  483—487,  492—494. 
Metals,   definitions  of   strains  on,  445 — 

447. 
,  expansion  of,  by  heat,  46 — 49. 

,  radia ting-power  of,  98. 

,  specific  heat  of,  41. 

,  strength  of,  448 — ^462,  475 — ^482. 

,  wear-resisting  qualities  of,  498. 

,  weight  of  a  cubic  foot  of  various, 

470,  475—482. 
Mezaline's  fuel,  52. 
Mild-steel,  expansion  of,  48. 
plates,  bars,  axles,  and  hoops,  strength 

of,  156,  448,  451—454,  475—478. 
Mill -engines,  406^413. 
-engines,  consumption  of  steam  by, 

151,  152. 

engines,    friction    and    mechanical 


efficiency  of,  499 — 501. 
Mineral  oil  for  lubrication,  502,  509,  510. 
substances,  weight  of  a  cubic  foot  of, 

471. 
Minerals,  expansion  of,  by  heat,  48. 

,  specific  heat  of,  41. 

Mines,  deep,  temperature  of,  40. 

,  hot,  temperature  of,  39,  40. 

Mitre  toothed  wheels,  526,  531. 

Model  of  a  ship,  resistance  of,  to  propul- 
sion, 349,  350. 

Models  for  slide-valves,  284. 

Modified  locomotive-ty|^  of  marine-boiler, 
223,  224. 
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Modulus  of  elasticity,  446. 

of  pumps,  277. 

Mortice  wheels,  531. 

Motion  of  an  expansion  slide-valve,  diagram 

of  the,  293. 

of  a  slide-valve,  diagram  of,  292. 

of  a  slide-valve,  principal  points  in 

the,  291. 
Motors,  wind,  12 — 14. 

,  water,  26 — 36. 

Mouth-piece  for  manhole,  215. 
Muntz-metal,  strength  of,  460,  479. 


MATURAL-DKAUGHT,   air  required 
for  combustion  with,  82. 

-draught,  evaporation  in  steam-boilers 

with,  109,  III,  121,  122. 
draught,  experiments  on  boilers  with. 


121—123,  125,  127. 

-draught  and  forced -draught,  trials  of 


steamships  with,  123 — 131. 

draught,    power  developed  from    a 


given  area  of  hre-grate  with,  115,  116. 
Negative  exhaust-lap  of  slide-valves,  288. 
Newcastle-coal,  50,  51,  106,  107. 

-coal,  evaporation  of,  106,  107. 

Nickel,    strength    and    weight    of,    470, 

480. 
Nickel-bronse,   strength    and    weight    of, 

478. 

-iron,  strength  and  weight  of,  477. 

-steel,  strength  and  weight  of,  477, 

478. 
Nitrogen,  3. 

gas,  weight  and  volume  of,  84. 

Nominal  horse-power  of  compound  engines, 

371,  373- 
horse-power  of  condensing  engines, 

367.  368. 

horse-power  of  non-condensing  en- 


gines, 368—370. 
—  horse-power  of  quadruple-expansion 
engines,  374,  375. 

horse  •  power    of    triple  -  expansion 


^     engines,  373,  374. 
Non-condensing    compound  engine,   410, 

412 — 414. 

simple  engine,  407. 

engines,  nominal  horse -power  of,  368 

—370. 
Non-conducting  coverings  for  steam-pipes, 

98,99. 
Non-conductors  of  heat,  97. 

North  British  Railway,  evaporative-per- 
formance of  a  locomotive-engine  boiler 
on  the,  1 10. 

Notable  tcmi^craturcs,  38. 


Notched -board,  measurement  of  flowing- 
water  by  a,  23—25,  274,  275. 
Nozzle-boiler,  evaporation  in,  108,  iii. 


r^AK,  446,  464,  466. 

-bark,   tan -refuse,   evaporative 

power  of,  107. 
Oceans,  specific  gravity  of  the  water  of,  16. 
Oil,  crude  petroleum,  heating-power  and 

evaporative-power  of,  90,  107. 

-engines,  74 — 76. 

-engines,    friction    and    mechanical 

efficiency  of,  501,  502. 

-gas,  60. 

of  turpentine,  weight  of,  85. 


Oiler,  automatic,  for  toothed  wheels,  532. 
Oils  for  lubrication,  and  composition  of 

lubricants,  502,  509,  510. 

,  specific  gravity  of,  468,  469. 

Olefiant  gas,  weight  and  volume  of,  85. 
Openings,  of  safety-valves,  195,  196. 
for  manholes,  strengthening  rings  for, 

215. 
Orifice,  flow  of  steam  through  an,  180,  181, 

- 194,  250. 
,  measurement  of    flowing  water  by 

discharge  through  an,  25. 
Oscillating  marine-engines,  421 — 423. 
Outward  flow  water  turbines,  29. 
Over-heating  in  steam-boilers,  235,  236. 

-pressure  in  steam-boilers,  238. 

Oxygen,  3. 

-gas,  weight  and  volume  of,  84. 


PACKING     or    glands,    metallic,    402, 

^       487. 

of  different  kinds  for  stuffing  boxes, 

friction  of,  506,  507. 

-rings  for  pistons,  399,  400. 


Paddle-Steamer,  rules  for  speed  of,  361. 

wheels  feathering,  358—361. 

wheels,  radial,  358. 

Pantanemone,  the,  13,  14. 

,  horse-power  of,  13. 

Paraffin,  composition  of,  and  heat  evolved 
by  the  combustion  of,  83. 

oil,  heating  power  of,  58. 

Parallel- flow  turbine,  30. 
Patent  fuels,  52,  53,  106. 

fuels,  evaporative-iwwer  of,  106. 

Poxman's  furnacc-tubc,  170. 
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Peat,  bulk  of,  52. 

,  heatiDg  power  of,  58. 

Pclton's  water-wheel,  34 — 36. 
Penrose  and  Richards'  patent  coke,  52. 
Percentage  of  strength  of  riveted -joints,  156. 
Perforations    in    internal    steam -pipes    of 

I  toilers,  182 
Performance  of  steam-ships  with  natural 

draught  and  forced  draught,  123 — 127. 
Perret's  furnace  for  burning  coal-dust,  78. 
Petroleum-engines,  74 — 76. 

oil,  composition  of,  58,  83. 

-oil,  evaporative-power  of^  90,  107. 

-oil,  heating-power  of,  58,  90. 

-rcluse,  cost  of  working  locomotives 

with,  91. 

-refuse,  specific  gravity  of,  67, 

-refuse,  weight  of,  67. 

refuse  fuel,  bulk  of,  53. 


Philip's  method  of  applying  zinc  in  boilers. 

Phosphor-bronze,  composition  of,  488. 

bronze,  strength  of,  460,  479. 

-bronze-wire,  strength  of,  461,  462. 

Pianoforte- wire,  steel,  strength  of,  455. 

Pine,  446,  464,  466. 

Pintsch  oil-gas,  60. 

Pipes,  flow  of  steam  through,  144 — 149. 

Piston,  diameter  of  a,  396. 

displacement,  396. 

,  position  of,  when  steam  is  cut  cfT,  288. 

,  pressure  on  a,  396. 

rings,  399,  400. 

-rings,  friction  of,  505. 

-rod,  strain  on  a,  401,  402. 

-rods,  cone  on,  and  nut  on,  401. 

-rods,  diameter  of,  400,  401. 

speed,  368,  395,  39i5. 

valves,  299. 

-valves,  Thom's,  299,  300. 

Pistons  for  locomotive-engines,  397. 

for  marine-engines,  399,  400. 

for  stationary-engines,  398,  400. 

Pitch,  diametral,  of  small  wheels,  533. 

of  rivets,  157,  162,  163—165. 

of  screwed  stays  for  flat  surfaces  of 

boilers,  176. 

of  screw-propellers,  342 — 344. 

of  surface-condenser-tubes,  265. 

of  the  teeth    of  wheels,    520,    521, 


523.  530. 
Pitchometer  for  screw-propellers,  357. 

Pitted-plates,  remedy  for,  235. 

Plain  furnaces,  168,  169. 

Plastic  white  metal,  487. 

Plates  and  bars  of  steel  and  wrought-iron, 
strength  of,  448—458,  475—478. 

for  boilers,  155,  156. 

,  riveted  joints  of,  156 — 166. 

,  transmission  of  heat  through,  118. 

Plummer-block  for  shafting  of  screw-pro- 
pellers, 337. 

block,  ordinary,  511. 


Plummer-blocks,  self-lubricating,  508. 

Point  of,  cut-off  by  slide-valve,  2i88. 

of  saturation  of  steam,  243. 

Portable  engine-boilers,  causes  of  explo- 
sions of,  230. 

Ports  of  water-turbines,  28,  30^  32. 

Power  applied  at  the  thrust-block  of  a 
screw-propeller,  347,  348. 

developed  by  marine  engines  from  a 

given  area  of  flre-grate  and  heating  sur- 
face with  natural  draught,  116. 

,  driving,  of  flowing  water,  25. 

,  evaporative,  of  fuel,  105 — 107. 

,  evaporative,  of  steam-boilers,   103, 

108 — 113,  127— 141,  227. 

,  of  heating  surface  of  locomotives,  117. 

,  heat-conducting,  of  materials,  97. 

lost  in  propelling  a  ship,  349. 

of  steam,  366. 

obtained  by  using  a  condenser,  257. 

of  wind,  10,  II. 

of  windmills,  12,  13. 

relative  to  speed  of  a  ship,  355. 

required  to  compress  air,  5. 

required  to  propel  a  ship,  353. 

required  to  work  pumps,  ^2. 

,  transmission  of,  by  shafts  and  shafting, 

50'»  504,  534. 
,   transmission  of,  by  toothed  wheel 

gearing,  501,  5»7— 533- 
Preservation  of  steam  boilers  when  not  in 

use,  239. 
Pressure  and  velocity  of  wind,  10,  11. 
Pressure,   bursting  of  cylindrical   boilers, 

167. 

,  collapsing  of  furnace-tubes,  i68,- 169. 

of  the  atmosphere,  7,  9. 

of  a  column  of  pure  water,  10, 1 1,  15. 

of  steam,  243,  250,  251. 

of  steam  at  op>ening  of  exhaust -port, 

380. 


of  steam,   average    throughout    the 
stroke,  378. 
—  of  steam  on  the  internal  surface  of  a 


boiler,  167. 

—  of  steam  required  to  expel  brine,  20, 

—  on  a  piston,  396. 

—  on  a  safety-valve  due  to  compression 
of  spring,  194. 

on  crank-pins,  cross-head-pins,  and 


slide-bars  of  steam-engines,  514,  515. 

—  on  foot-step  bearings  of  vertical  shafts,. 

513,  517. 

—  on  toothed  wheels  per  inch  of  face, 


521—523. 

—  on  various  bearings,  512 — 514. 

—  produced  by  the  explosion  of  gaseous 
mixtures,  62,  63. 

—  required  to  lift  a  safety-valve,  192. 

—  water-turbines,  28,  29. 

— ,  working,  of  boiler-shells,  166. 

working,  on  screwed  stays  for  fla 


surfaces,  177. 
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Pressure,  working,  on  the  teeth  of  wheels, 
522,  523. 

Prevention  of  corrosion  in  boilers,  234. 

of  scale  in  steam-boilers,  211,  212. 

of  smoke,  83. 

Priming  in  steam-boilers,  1 14. 

Proctor's  mechanical  stoker,  81,  82. 

Products  of  combustion  from  I  lb.  of  coal, 
coal-gas,  tallow,  stearine,  wax,  sperm, 
paraffin,  colza-oil,  solar-oil,  and  petro- 
leum, 83. 

of  combustion,  temperature  of,  94, 

I3i»  132. 
of  combustion,  volume  of,  85. 

Projected  area  of  blade  of  screw-propeller, 

345.  352. 
Propeller,  screw,  rules  and  data  for,  342 — 

358. 
-screw,  diameter  and  pitch  of,  115. 

-screw,  delineation  of  a,  339—341. 

shafting,  331—335- 

,  screw-steering,  358. 

Propellers,  jet,  361,  362. 
Properties  of  steam,  246. 
Proportions  of  marine  boilers,  115,  220 — 

224. 
Proportions  and  weight  of  crank-shafts  for 

triple-expansion  engines,  323,  324. 

of  cranks,  325,  326. 

of  the  cylinders  of  compound  engines, 

373,  385,  386,  392. 

of  the  cylinders  of  quadruple-expan- 


sion engines,  388,  389. 

—  of  the  cylinders  of  triple-expansion 

engines.  386,  387,  394. 

of  the  cylinders  of  triple-expansion 


engines  in  a  number  of  steamers,  394. 

of  feed-water  heaters,  21a 

of  riveted-joints,  157,  164. 

of  turbines,  33,  34. 

Propulsion,     by     screw  •  propellers     and 

paddle-wheels,  338 — 361. 
-,  hydraulic,  361,  362. 


Pumping-engines,  duty  of,  140 — 144. 
Pumps,  air,  264 — 272. 

,  circulating,  264,  265. 

for  feeding  boilers,  152,  155,  184,  199, 

200,  500. 

for  water,  277 — 282. 

,  horse-power  required  for,  282. 

-,  three-throw  cranks  for,  330. 


Punching  rivet-holes,  effect  of,  158. 
Pure  water,  weight  of,  14. 
Purification  of  feed-water,  212. 
Pyro-bronze,  479. 


QUADRUPLE-EXPANSION  engines, 
description  of,  419,  420,  422. 


Quadruple-expansion  engines,  consumption 
of  steam  by,  152. 

-expansion    engines,    friction    and 

mechanical  efficiency  of,  499,  500. 

-expansion  engines,  nominal  horses- 
power  of,  374,  375. 

expansion    enmnes,  proportions  of 


cylinders  of,  388,  ^9. 

Quantity  of  coal  contained  by  bunkers,  53. 

of  coal  left  at  the  end  of  a  voyage* 

^. 

of    cooling-water    for    surface-con- 
densers, 264,  271. 

of  exhaust-steam  used  by  an  exhaust- 


steam  injector,  206. 

—  of  feed-water  required  when  blowing- 
off  is  practised,  19. 

—  of  feed -water,  used  in  boilers,  150*  152, 


153»  '99- 

—  of  gas  obtained  from  coal,  59. 

of  heat  required  to  evaporate  water, 


105. 


of  heat  transmitted  per  hour  per 
square  foot  of  heating-surface  by  different 
types  of  boilers,  140. 

—  of  inject  ion- water  in  tons,  258. 

—  of  salt  in  sea- water,  16. 
of  steam  used  by  an  engine,  152,  183, 


424. 


of  steam  used  by  engines  of  different 
types,  152,  153. 

—  of  water  blown-off,  19. 

—  of  water  carried  by  injectors,  201. 

—  of  water  contained  in  tanks,  282. 

—  of   water  delivered  by  an  exhaust- 
steam  injector,  207. 

—  of  water  delivered  by  pumps,  278. 

—  of    water    derived    from    condensed 


steam,  209,  379. 

—  of  water  evaporated,  19. 

of   water    evaporated    in    a    steam- 


boiler  to  steam  per  hour,  183. 

—  of  water  required  for  condensation  in 
condensing-engines,  258. 

—  of  water  required  to  condense  steam, 


254,255. 

—  of  water  to  pump  into  a  boiler  to  raise 
the  water-level,  280. 

of  water  to  be  pumped  out  of  a  ship 


when  leaking,  282. 


"DADIAL  Girard -turbine,  32. 

•'^    paddle-wheels,  358. 

Radiant  power  of  fuels,  94. 
Radiating-power  of  materials,  98. 
Radiation  of  heat,  97. 
Radiator  for  smoke-tubes,  133. 
Railways,  consumption  of  coal  on,  89. 
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Rmstrick-boilen,  cuiies  of  explosions  of, 

33a 
Rate  of  combustion  in  steam-boilers,  91. 

of  combustion  of  various  coals,  92. 

of  evaporation  of  various  coals,  in.. 

Ratio  of  the  expansion  of  steam,  288,  384. 
of  the  cylmdersof  compound  engines, 

385,  386.     To  calculate  the,  372. 
of  the  cylinders  of  quadruple*expan- 

sion  engines,  388,  389. 

of  tne  cylinders  of  triple-expansion 


engines,  386,  387,   394.     To  calculate, 

372- 
Re-action  turbine,  36. 

Reduction   of  weight   on   dead-weighted 

safety-valves,  198. 
Refusefuel,  67—74,  76— 8a 
Regulation  of  turbines,  29. 
Relation  of  fire-grate-surface  to   heating 

surface  of  boilers,  1 18. 
Relief-frames  of  slide-valves,  295,  296. 
Resistance,  atmospheric,  8. 
-^j —  of  a  ship  to  propulsion  by  a  screw- 
^   l)ropeller,  346,  349.  350. 
of  a  ship's  model  to  propulsion,  349, 

350- 
Re-starting  injector,  152,  184,  201. 

Resulting  temperatures,  44 — ^46. 

Retarders  for  smoke-tubes,  131 — 1 34. 

Return-tube  boilers,  131,  133,  1 36— 139, 

220—222. 

Reversing-plate  for  portable-engines,  302. 

Revolutions,   number   of  screw-propeller, 

356. 
of  shafts,  number  of,  355. 

Ribbed  furnace-tubes,  171,  172. 

Rice-chaff  covering  for  steam -pipes,  99. 

Rider's  hot-air  engine,  64,  65. 

Rise    of    temperature    of    feed-water  in 

injectors,  201 . 
River  Thames,  temperature  of  the,  38. 
Rivers,  evaporation  from  the  surface   of 

water  in,  15. 
Riveted -joints,  156 — 166. 
-joints  in   sofl-steel-plates,  Professor 

Kennedy's  rules  for,  159—166. 
-joints,   percentage   of  strength  of, 

157. 
-joints,  proportions  of,  157,  164. 

^joints,  strength  of,  156—166. 

Rivet  blown  out  of  a  boiler,  225. 

holes,  effect  of  punching,  158. 

holes  in  soft  steel-plates,  diameter  of, 

162,  163. 

holes  of  steel-plates,  158,  162,  163. 

iron,    strength    of,   448—451,   456, 

475- 
steel,  strength  of,  448,  452,  476. 

Rivets,  diameter  of,  157,  162. 

,  pitch  of,  157,  163,  164. 

Rolled-joists,  tensile  strength  of,  448,  45a 

Romanium,  481. 

Rudder-screw,  358. 


C  ADLER'S  system  of  burning  liquid  fuel, 

^    73»74. 

Safety-valve,  easmg- valve,  196. 

Safety-openings,  195,  196. 

springs,  method  of  drawing,  190. 

Safety-valves,  dead- weighted,  197,  198. 

,  flow  of  steam  through,  184,  185. 

for    locomotive  -  boilers,     191,    192, 

for  marine-boilers,  191. 

for  steam-boilers,  184 — 198. 

,    increased    pressure    due   to  com- 


pressing of  spring,  in  blowing-off,  194. 
— ,  lift  of,  192. 

loaded  with  lever  and  weight,  186— 


190. 


marine,  silent  blow-off  for,  197. 
with  flat-faces,  187,  190,  192. 


Sail -surface  of  the  "Pantanemone,'*  14. 

of  windmills,  12. 

Salinometers,  18,  19. 

Salt  of  sea- water,  x6,  17. 

Salted  boiler,  18. 

Saltness  of  feed- water,  20. 

of  water  in  a  boiler,  20. 

Saturated  brine,  17. 

Saturation,  point  of,  17. 

Saving  effected  by  working  steam  ex- 
pansively, 378. 

Sawdust,  heating  power  of,  58. 

Scale-forming  substances  in  feed-water. 
2n. 

in  boilers,  prevention  of,  211,  212. 

Scott's  retarders  for  smoke- tubes,  133,  134. 

Screwed-bolts,  loss  of  strength  in  screwing, 

458. 
stays  for  boilers,  pitch  of,  176. 

-stays  for  boilers,  diameter  of,   176 

177. 

Screw  propeller,  angle  of  a,  344. 

,  delineation  of  a,  339  —341. 

,  expanded  area  of  blade,  345,  352. 

,  horse-power  lost  by  slip  of  a,  349. 

,  indicated  thrust  of  a,  347. 

,  life  of  a,  350. 

,  resistance  of  a  ship  to  propulsion  by 

a,  346. 

,  projected  area  of  blade.  345,  352. 

-propeller  shafting,  331 — 336. 

shafting,  couplings  for,  332. 

shafting  of  Whitworth's  compressed 

steel,  332. 

shafting,  strain  due  to  weight  of  pro- 
peller, 333. 

shafting,  thrust-bearings  for,  337,  338. 

shafting,  torsional  and  bending  strains 

on»  333.  334. 
shafts,  331. 

shafts,  diameter  of  wrought-iron,  331. 

,  surface  of  blade  of,  346. 

,  speed  of  ship  due  to  a  given  pitch 

and  speed  of,  35a 

,  thrust  of  a,  348. 
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Screw-propellers,  338 — 358. 

,  composition  of  manganese  bronze  for, 

494.  495- 

,  disc-area  constants,  352. 

propellers,  feathering,  356. 

,  rroude's  formulae  for,  350—352. 

,  keys  for,  345. 

mixtures  of  metal  for  cast-iron  and 


gun-metal,  339,  490. 

— ,  pitch  of,  rules  for  the,  34a — 344. 

— ,  pitchometer  for,  357. 

— ,  proportions  of,  115. 

— ,  slip  of,  343.  344*  349. 

— ,  Thorn's  formulae  for,  352,  353. 

— ,  twin,  356. 

-,  velocities  at  different  |x>ints  of  blades 


of,  341,  342. 
Screw-steering  propeller,  358. 
Scum-cocks,  18. 
Seams,  riveted,  156—166. 

,  riveted,  in  soft  steel-plates,  159—166. 

,  riveted,  longitudinal,  percentage  of 

strength  of,  157. 
Seas,  temperature  of,  38. 

,  temperature  at  various  depths,  38. 

Sea- water,  boiling-points  of,  17. 

,  components  of  the  salts  of,  16. 

,  comjposition  of,  16. 

,  density  of,  in  boilers,  22. 

,  ice  of,  16. 

,  quantity  of  salt  in,  16. 

,  specific  gravity  of,  16. 

,  weight  of  a  gallon  of,  17. 

,  working,  density  of,  18. 

Sediment  from  steam-boilers,  211,  234. 
Sensible  heat,  103. 
Separators,  252,  253. 
Serve  ribbed  tubes,  181. 
Setting,  improper,  of  boilers,  233. 

of  egg-ended  boilers,  95. 

steam  boilers,  216,  217. 

Shafting  and  gearing  in  factories,  501. 

,  bearings  of,  511  —516. 

,  couplings  and  bolts  for,  332. 

,  end  thrust,  on  screw-propeller,  335. 

for     screw-propellers,      Plummer- 

blocks  for,  337. 

for  screw-propellers,  thrust-bearings 

for,  337,  338- 

of  Whitworth's  compressed-steel  rules 


for,  335. 

— ,  pressure  on  the  bearings  of,  511. 


rulesfor,  331— 335. 
wrought-iron,  331. 


Shafts  and  shafting   in  factories,    horse- 
power of,  534. 
Shear  of  rivet-steel-pins,  161. 

steel,  strength  of,  453. 

Shell  of  boilers,  166. 

plates  of  boilers,  thickness  of,  167. 

Ship-plates,  stren^h  of,  448,  451,  457. 
Ship's  model,  resistance  of,  to  propulsion, 

349,  350. 


Ships,  speed  of,  353—355- 
Shoes  of  crossheads,  406. 
Shortness  of  water  in  a  boiler,  224. 

of  water  in  boilers,  causes  of,  237. 

Side-rods  of  locomotive-engines,  319 — 321. 
Side-stays  of  fire-box,  175 — 178,  222. 
Siemens- Martin  mild  steel-plates,  and  bars, 

strength  of,  448,  449,  452,  453,  455,  476. 

steel-wire,  strength  of,  462. 

Silent  blow-of!  for  marine-safety-valves, 1 97. 
Silicated  coverings  for  steam-pipes,  99. 
Silicium-bronze-wire,  strength  of,  462. 
Single-ended  marine-boiler,  220,  221. 
Slack  and  breeze,  evaporative  power  of  a 

mixture  of,  106,  107. 

,  evaporative  power  of,  107,  130. 

Slide-valve,  area  of^opening  given  by  a,  289. 

,  diagram  of  the  motion  of  a,  292. 

,  double-ported,  289. 

,  gridiron  expansion,  289. 

,  point  of  cut-off,  288. 

,  relief-frames,  295,  296. 

,  separate  expansion,  290—  293. 

J  travel  of,  287,  289. 

,  trick,  289. 

Slide-valves,  284—298. 

f  balanced,  295 — 298. 

f  friction  of,  294,  487. 

,  lap  of,  286—288. 

,  lead  of,  285. 

,  models  for,  298. 

Slip  of  riveted -joints,  160,  161.. 

of  screw-propellers,  343,  344,  349- 

Smoke,  83,  86,  129. 

,  prevention  of,  by  firing,  130. 

,  temperature  of,  in  a  funnel,  86,  131, 

137—139- 

-tubes,  holding  power  of,  in  tube- 
plates,  180. 

-lubes,   influence  of  length  of    on 


evaporation.  134. 

lubes  of  boilers,  178 — 181. 

tubes,  radiators  for,  133. 

—  -tubes,  retarders  for,  131  — 134. 
-tubes,  serve,  ribbed,  181. 


Snow,  weight  of,  14. 

Soft-steel,  strength  of,  448,  451—4545  476. 

Solar-oil,  composition  of,  and  heat  evolved 

by  the  combustion  of,  83. 
Solders,  composition  of,  494. 
Solids,  specific  heat  of,  41,  42. 
Soundness  of  boiler-plates,  156. 
Specific  gravity  of  cast-iron,  wrought-iron, 

and  other  metals  and  alloys,  467. 

gravity  of  coals,  41,  51,  53. 

gravity  of  gases  and  vapours,  469. 

gravity  of  ice,  14. 

gravity  of  petroleum-refuse,  67. 

gravity  of  snow,  14. 

gravity  of  timber,  465,  466. 

gravity    of    various    materials    and 

liquids,  468,  469. 
gravity  of  the  water  of  oceans,  16. 
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Specific  gravity,  rules  for,  469,  470. 

heat  of  ice,  14. 

heat  of  metals,  minerals,  liquids  and 

gases.  41. 

S|)eculum-metal,  493. 

S})ee(l  of  engine  required  for  a  given  horse- 
power, 371. 

of  motlcrn  steam-ships,  354,  355. 

of  paddle-steamers,    rules   for    the, 

361. 

of  piston,  368,  395,  396. 

of  steam-ship  due  to  a  given  con- 


sumption of  coal,  87. 
—  of  steam-ship  due  to  a  given  pitch  and 
s]>ccd  of  proneller,  350. 

of  steamships,  rules  for,  353,  355. 


Sj>erm,  composition  of,  and  heat  evolved 

by  the  combustion  of,  83. 
Sperm-oil  for  lubrication,  502,  509. 
Spindles,  length  of  the  journals  of,  515. 
Spiral -punch,  effect  of,  158. 

toothed  wheels,  528,  529. 

tooihcd  wheels,  friction  of,  526. 

Spreading  firing,  129,  130. 
Spring-loaded  safety-valves,  190,  191. 
Springs  for  safety-valves,  to  draw,  190. 

,  warm,  temperature  of,  49. 

Spring-steel,  strength  of,  454. 
Spur-whee'  gearing,  qoi,  517— 533- 
Standard  measures  of  water,  14. 

temperatures  of  water,  37. 

Stationary -engine  crossheads,  404. 

engine  cylinders,  391. 

-engines,  406 — 414. 

-engines,  friction  of,  499,  500. 

Stay-lx)ltb  for  fire-l>ox  of  locuinolivcs,  173. 
Slays  for  boilers,  176,  177. 

for  flat  surfaces,  175,  176,  178. 

Steam,    average   pressure  of,    throughout 

the  stroke,  378. 
and  water,  heat  of  mixture,  43,  204, 

209,  2S4. 

-blast,  effect  of,  in  a  chimney,  108. 

-coal,  50 — 52,  106,  107. 

-coal,  evaporation  of,  106,  107. 

,  compression  of,  or  cushioning,  286. 

-,  condensation  of,  253 — 255. 


condensed  in  steam-jackets,  379. 

,  condensed,  quantity  of  water  from, 

209. 


condensed  by  cold  surfaces,  262 — 263. 
—  condensed    by   exhaust   steam-injec- 
tors, 205. 

— ,  cutting  off  by  slide-valves,  288. 
— ,  diagram  of  mean -pressure  of,  380. 

drier,  253. 

— ,  efficiency  of,  in  an  engine,  256. 
-,  equivalent   weight    of  water  evapo- 


rated from,  104,  105. 
— ,  expansion  of,  243,  288,  377,  384. 
— ,  expansion  of  steam  in  a  cylinder,  ^yy. 
— ,  final  temperature  of,  in  a  cylinder  or 
condenser,  256. 


'   Steam,  flow  of,  through  an  orifice,  185, 
I       194,  250. 

,  flow  of,  through  pipes,  144 — 149. 

,  flow  of,  through  safety-valves,  184. 

^— ,  gain  by  using  high-pressures,  244. 

,  gaseous,  weight  of,  85. 

,  induced  draught,  129,  130. 

-jacket,  379. 

,  maximum  economy  of,  379. 

,  mean-pressure  required  for  a  given 

nominal  horse-power,  370. 

,  ratio  of  expansion  of,  288,  384. 

,  point  of  saturation  of,  243. 

,  pressure  of,  243,  250,  251. 

-,  pressure  of,  at  opening  of  exhaust- 


port,  380. 

— ,  pressure  of,   measured  in  inches  of 
mercury,  104. 

— ,  quantity  used  by  an  engine,  183, 424. 
-,  quantity  used  by  engines  of  different 


types,  150,  152,  I  S3,  428-444. 
— ,  quantity  used  by  injectors,  152. 
— ,  quantity  used  by  pulsometers,  152. 
— ,  quantity  used  by  steam  pumps,  152. 

—  separators,  252,  253. 
— ,  space  occupied  by,  1 82. 

—  -space  of  marine -boilers,  182. 

— ,  superheated,  152,  153.  244,  251,  252. 

— ,  table  of,  245 — 250. 

— ,  temj^erature  of,  244. 

— ,  total  heat  of,  103. 

— ,  velocity    of,    through    cylinders 

triple-expansion-engines,  393. 

— ,  volume  of,  104,  243. 

-,  weight  and  volume  of,  246 — 250. 


of 


,  weight  of  a  cubic  foot  of,  104. 

Steam-boiler  explosions,  230 — 240. 
Steam-boilers,  construction  of,  213 — 224. 

,  chimneys  for,  228  —  230. 

,  corrosion  of,  232 — 235. 

,  efficiency  of,  104,  108,  140. 

,  evaporative-performance  of,  108 

—113,  121,  122,  127,  129,  131,  133,  136, 

137—140,  240. 

-,  feed-pumps  and    injectors  for. 


184,  199—207. 

,  feed- water  heaters  for,  208 — 2 1 1 . 

,  fire-grate  surfaces  of,  114 — 120. 

,  heating  surface  of,  1 14 — 120. 

,  horse-power  of,  116,  151 — 155. 

marine,    proportions   of,    115, 


220,  224. 

,  method  of  testing,  240. 

,  safety-valves  for,  184 — 198. 

,  scale  in,  211. 

-,  water-tube,  155,  226 — 228. 


Steam-engine,  perfect,   thermal   efficiency 

and  steam  consumption  of,  149 — 151. 
Steam-jet  blowers,  129,  130. 
Steam-pipe,  internal  perforated,  182. 
-pipes,  flow  of  steam  through,  144 — 


149. 


•pipes,  velocity  of  steam  through,  183. 
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Steam-pumps,  cousumpticn  of  steam  by, 

-pumps,  economy  of  feeding  boilers 

with,  184. 

Steam -pumping  engines,  140—144,  152. 

Steamers,  indicated  horse-power  developed 
by  marine-engines  from  a  given  area  of 
fire-grate  and  heating-surface,  with  na- 
tural draught,  115,  116. 

Steam-ships,  proportions  of  the  cylinders 
of  triple-expansion  engines  in,  394. 

,  trials    of,   with    natural    and    with 

forced-draught  in  the  boiler-furnaces, 
123—131. 

Steam  turbine  engines,  425 — ^442. 

Stearine,  composition  of,  and  heat  evolved 
by  the  combustion  of,  83. 

Steel,  average  tests  of,  by  noted  makers 
of,  450—452. 

,  average  strength  and  weight  of,  475 

-478. 
,  Bessemer,  strengtli  of,  453. 

boiler-plates,  156, 448,  453,  476,  478. 

,  cast,  roof-stays  of  fire-box,  174. 

,  cast,  strength  of,  453—455.  475- 

castings,  strength  of,  448,  453,  477, 

527 


crank-shafts,  325,  476. 

—  crank-shafts  and  crank-axles,  strength 

of,  45 1 »  452,  454,  476—478. 

—  -crucible,  strength  of,  454. 
— ,  expansion  of,  by  heat,  48. 

—  forgings,  strength  of,  477. 

—  for  toothed  wheels,  527. 

—  for  various  purposes,  474 — 478. 
•furnaces,  plain  and  corrugated,  168, 


171. 


■hoop,  strength  of,  454. 


liners  for  cylinders,  389. 

,  mild,  strength  of,  448,  452,  453,  476. 

,  nickel,  477,  478. 

-plates  and  bars,  strength  of,  448, 458, 

475—478. 
plates  for  fire-boxes,  448,  476. 

plates,  rivet-holes  of,  156,  158,  163." 

puddled,  strength  of,  454. 


-rivet,  rods  for,  448,  452,  476. 

shafts  and  shafting  in  factories,  horse- 
power of,  534. 
,  Siemens-Martin,   strength   of,   448, 

452.  453.  455- 
,  specific  heat  of,  41. 

•tires,  strength  of,  452,  454,  477. 


'Wheels,  horse-power  of,  530. 

•wheels,  strength  v(  the  teeth  of,  527, 


528. 


•wheels,  toothed,  527. 
■wire,  strength  of,  455,  461. 


Stern-shaft  and  stern-tube,  336,  337. 
Sterro-metal,  strength  of,  460. 
Stokeholds,  closed,  112,  123—125. 
Stone  and  mineral  substances,  weight  of, 

471,  472. 


Stores,  stowage  capacity  of,  53. 
Storm,  pressure  of,  11. 
Stowage  capacity  of  fuels  and  stores,  53. 
Strain  on  a  crank-pin,  to  find  the,  326,  327, 

514. 
on  metals  and  materials,  definitions 

of,  445—447. 

on  a  piston-rod,  401,  402. 

on  shafting  of  screw-propellers  due  to 


the  weight  of  a  propeller,  332. 

—  on  stays  for  flat  surfaces  of  boilers, 

177. 

—  on  a  valve-spindle,  298. 

produced  by  cold  feed-water  in  boilers, 


to  calculate  the,  207,  208. 

shearing,  on  bolts  of  screw-propeller 

shafting,  332. 

,  torsional,  on  shafting,  333,  334. 

Si  raw-burning,  77. 

and  strawboard-coverings  for  steam- 
pipes,  97,  99. 

Streams,  measurement  of,  23 — 25. 

Strength  of  alloys,    460,  461,   478—482, 

495—497. 
of  alloys  at  high  temperatures,  495 — 

497. 


of  aluminium-bronze,  48 1 . 

—  of  boiler-plates,   155,  156,  448—457, 

475»  476^ 

—  of  brass  and  gun-metal,  460, 461,  478, 
480. 

—  of  bronze,  478,  479,  481. 

—  of  cast-iron,  458,  459,  475. 

—  of  copper,  460,  461,  480. 

—  of  copper-bolts,  461,  480. 

—  of  corrugated  furnace-tubes,  170. 

—  of  cylindrical  boiler-shells,  166. 

—  of  fire-lx)x  roof-stays,  174. 

—  of  flat  surfaces  of  boilers,  175,  176. 

—  of  lead,  zinc,  and  tin,  460,  480. 

—  of  materials,  445—465.  475 — 482. 

—  of  Muntz-metal,  460,  479. 

—  of  phosphor  bronze,  460,  479. 

—  of  phosphor  bronze-wire,  461,  462. 

—  of  plates  and  bars  of  wrought- iron  and 
steel,  155,  156,  448—458,  475—478. 

—  of  ribbed  furnace-tubes,  172. 

—  of  rivet ed-joints,  156—166. 

—  of  shafting,  333,  334. 

—  of  stayed  plates,  175,  176. 

—  of  silicium  bronze-wire,  462. 

—  of  steel- castings,  448,  453,  477,  527. 

—  of   steel-plates  and  bars,    156,   448. 

451—455-  475—478. 

—  of  sterro-metal,  460. 

—  of  wire  of  various  metals,  461,  462, 
480. 


of  wrought-iron  plates  and  bars,  155, 

156,  448-452,  455—458,  475- 
Strengthening-ring  for  furnace- lubes,  215. 

ring  for  manhole,  215. 

Stress  on  stays  of  iron  and  steel,  177,  178. 
StruclureSi  pressure  of  wind  on,  10,  11. 
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Superheated  steam,  153,  244,  251,  252. 

steam,  economy  effected  by  the  use 

of,  153. 

steam,  quaotiiy  of,  required  by  engines 


of  different  types,  152. 
Superheaters,  251. 
Surface-condenser,  test  of  a,  263. 

condenser  tubes,  265. 

condenser  tubes,  packings  for,  265, 

266. 

condensers,  261—268. 

•condensers,  cooling  surface  of,    115, 


262,  264,  271. 

-condensers,    cooling    surface,    nir* 


pump  capacity  and  quantity  of  circulat' 
ing    water    provided    for,    in    marine- 
engines.  271. 
Surface  of  a  blade  of   a  screw-propeller, 

346. 
Swelled  portion  of  a  stay,  diameter  of,  178. 
Swivel  bearings  for  shafting,  516. 


'T* ALLOW,    composition    of,    and    heal 
'**      evolved  by  the  combustion  of,  83. 
Tandem  mill-engine,  vertical,  410,  411. 
Tank,  time  required  to  fill  a,  283. 
Tanks,  rules  for  the  size  of,  282,  283. 

,  water  contained  in,  282. 

Tan-refuse,  evaporative-power  of,  106, 107. 
Taper  of  cone  on  piston-rod,  401. 
Tar-refuse,  evaporative-power  of,  106,  107. 

,  or  creosote-oil,  59,  106,  107. 

Teak,  446,  465.  466. 

Teeth  of  wheels,  form  of  the,  517 — 519, 
528,  529. 

of  wheels,  gee,  519. 

of  wheels,  length  of  the,  519,  520. 

of  wheels,   pitch    of   the,    526  —522, 

530. 

of  wheels,  pressure  on  the,  521 — 523. 

of  wheels,  strength  of  different  forms 

of  the,  527-529. 

of  wheels,  thickness  of,  520—531. 

of  wheels,  wood,  528,  531. 


Telegraph-wire,  strength  of,  461,  462. 
Telephone-wire,  strength  of,  462. 
Temperature  and  volume  of  steam,  244 — 
246. 

and  volume  of  w^ater,  15. 

due  to  compression  of  air,  5. 

,  final  in  a  cylinder  or  condenser,  256. 

,  highest  in  a  gas-engine,  63. 

,  limit  of  superheated  steam,  251. 

,  mean,  of  a  place,  38. 

,  mixing  ice  with  water,  45. 

of  air  on  the  surface  of  the  earth,  6. 

of  the  atmosphere,  6. 


j  Temperature  of  the  fuel-gases  on  entering 
the  tubes  of  a  boiler,  132. 

cf  the  furnace  of  a  steam-boiler,  132. 

of  hot  mines,  39. 

of  hot  well,  259. 

of  hot  well,  loss  of  vacuum  due  to  a 

high,  257. 

of  the  products  of  combustion  in 

various  boilers,  94,  131,  132,  137—139. 
of  the  products  of  combustion  at  dif- 
ferent stages  between  the  fire  and  the 
chimney  of  steam-boilers,  94 — 96. 

of  seas  and  lakes,  38. 

of  smoke  in  a  funnel,  86. 

of  springs,  39. 

of  tne  river  Thames,  38. 

of  water  from  condensed  steam,  254, 


255. 


of  water,  standard.  37. 
—  of  water  mixed  with  steam,  43,  204, 
209,  254. 

resulting  from  a  mixture  of  water  of 


different  tem})eratures,  44,  45. 

resulting  from  mixing  mercury  with 


hot  water,  45,  46. 

Temperatures,  high,  to  ascertain,  37. 

,  notable,  38. 

,  underground,  39. 

Tempest,  pressure  of  a,  1 1. 

Tensile  and  bending  tests  of  steel  boiler- 
plates, 156,  476. 

strength  of  cast-iron,  460,  461,  475. 

strength  of  timber,  462,  465. 

strength   of  wrought-iron  and  steel 

boiler-plates,  155,  156,  448—457,  475— 

478. 
strength  of  wrought -iron  and  steel- 


plates  and  bars,  448 — 457,  475 — 478. 
strength  of  various  metals  and  alloys. 


460,  461,  475—482,  495-7497. 

strength  of  various  wires,  455,  461, 


462. 

Terminal -pressure,  250. 
Test-bars,  of  cast-iron,  breaking-strength 

of,  459. 
,  of  gim-metal,  strength  of,  461. 

Test  of  a  Cornish  boiler,  107. 

of  a  corrugated  furnace-tube,  170,  171. 

of  a  Lancashire  boiler,  240. 

of  a  water-tube  boiler,  227. 

of  the  evaporative  efficiency  of  a  loco- 
motive-engine boiler  when  fed  with  an 
injector  and  with  a  feed-pump,  1 10. 
of  the  evajKjrative  performance  of  a 


locomotive-engine  boiler,  109. 

—  of  furnace  for  burning  coal-dust,  79. 

—  of  hot-air-engine,  65. 

—  of  jet-propeller,  361,  362. 
of  locomotive-engine  boiler  burning 


petroleum,  coal,  and  wood,  91. 

—  of  locomotives,  134 — 136. 

—  of  marine  return-tube  boilers,    131, 
I33y  137—139- 
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Test  of  Pelton's  water-wheel,  35. 

of  power  required  to  haul  a  train,  89. 

of   non-conducting     coverings     for 

steam-pipes,  98,  99. 

of  nbbed  furnace- tubes,  171,  172. 

of  the  effect  of  steam -blast  in  chim- 
neys, 108. 

of  a  surface-condenser,  263. 

for  cylinder-metal,  393. 

for  gun-metal,  461. 

strips,  153. 

strips  of  wrought-iron  and  steel,  447. 

Testing  boilers,  method  of,  240. 

condensing-engines,  273 — 277. 

the  soundness  of  iron-plates,  156. 

Tests  of  wrought-iron  and  steel  bars  and 
plates,  by  noted  makers  of,  449 — 452. 

of  boilers,  calorimeter  used  in,  42. 

of  lx>ilers  with  natural  draught  and 

forced  draught,  120 — 131. 

of  boilers  of   modified   locomotivc- 

tyi^e  for  torpedo-lxjat-chasers,  113. 

of   the   evaporative-performance  of 


steam-boilers,  108,  11 1. 

—  of  an  exhaust-steam  injector,  206. 

—  of    a    non-condensing    compound- 
engine,  412. 

—  of  locomotive  engines,  134 — 136. 

—  of  marine  return-tube  boilers,   129, 

I3i»  ^33,  136—139. 

—  of  riveted  joints,  156,  158. 

—  of  torpedo-boat  boilers  of  the  locomo- 


tivc-type,  XI 2. 

—  of  various  boilers,  127 — 141. 

—  of  water-tube  boilers,  227. 
of  wire  of  various  metals,  461,  462. 


Thames,  river,  temperature  of  the,  38. 

Theoretical  evaporative-power  of  coal  and 
other  fuels,  106. 

Thermal  efficiency  and  steam-consumption 
of  a  perfect  steam-engine,  149 — 151. 

Thermometer,  Centigrade,  36. 

,  Fahrenheit,  30^  37. 

,  Reaumur,  37. 

T'hermometers.  36,  37. 

Thickness    of  boiler-plates,  to    find    the, 
167. 

of  liners  for  cylinders,  389. 

of  metal  of  locomotive-engine  cylin- 
ders, 390. 

of  metal  of  marine-engine-cylinders, 


389,  390. 

—  of  plate  for  flat  surfaces  of  boilers, 
176. 

of  the  teeth  of  wheels,  520. 


Thorn's  formulae  for  screw-propellers,  352, 

353.     ^ 
Thread  of  screw-propeller,  345. 

Thrust-bearings  for  screw-propeller-shaft- 
ing, 337i  338- 

block,  power  applied  of  a,  347,  348. 

of  a  screw-propeller,  348. 

on  screw-propeller-shafting,  335, 


Timber,  modulus  of  elasticity  of,  446. 

,  specific  gravity  of,  465,  466. 

,  strength  of,  462 — ^465, 

,  weight  of,  472,  474. 

Time  required  to  fill  a  tank,  283. 

required  to  pump  water,  280. 

Tin,  alloys  of,  482 — 497. 

,  strength  of,  460,  480. 

Tool-steel,  strength  of,  454,  455. 
Toothed  wheel  gearing,  501,  517 — ^533. 

••  wheel  gearing,  friction  of,  525,  526. 

wheel  gearing,  horse-pow  cr  of,  529, 

530. 


wheel  gearing,  pressure  on,  521 — 523. 

—  wheel  gearing,   proportions   of,   519 

—521. 

—  wheel  gearing,  strength  of,  527 — 529. 

—  wheel  gearing,  velocity  of,  523 — 525. 
wheel  gearing  wear  and  tear  of,  525. 


Tornado,  pressure  of  a,  1 1. 

Torpedo-boat  !)oilers,  evaporative  perform- 
ance of,  108,  III — 113. 

,  trials  of,  112,  113. 

Torsional-strain  on  shafting,  333,  334. 

Total  heat  of  steam,  104. 

Train-mile,  consumption  of  coal  per,  on 
different  railwa)'s,  89. 

Transmission  of  heat  through  boiler-  plates, 
118. 

of  power  by  >harts  and  shafting,  501, 

504,  534. 

of  power  by  toothed  wheel  gearing. 


501,  517 — 533. 
Travel  of  slide-valves,  287,  289. 
Trick  slide-valve,  289. 
Triple-expansion  engines,  consumption  of 

coal  by,  93,  116. 

,  consumption  of  steam  by,  152. 

,  description  of  those  shown    in    the 

frontispiece,  415 — 418. 

,  economy  of,  387. 

,  friction  and  mechanical  efficiency  of, 

499i  500- 
,  nominal  horse-power  of,  373,  374. 

)roportions   and    weight  of  crank- 


— iPr< 

shafts  for,  322—324. 

-,  proportions  of  cylinders  of,  386,  387, 


394- 


-,  proportions  of  the  cylinders  of,  in  a 
number  of  steamers,  115,  394. 
—  ratio  of  cylinders,  to  calculate,  372. 

-,  velocity  of  steam  through  the  cylin- 


ders of,  393. 

Tu1)e-plates  of  boilers,  holding-power  of 
tubes  in,  180. 

Tube-surface  of  water- tube  boilers  per  indi- 
cated horse-power,  155. 

Tubes,  brass,  composition  of,  49a 

,  brass,  strength  of,  480. 

-,  copper,  strength  of,  480. 

,  heating  surface  of,  180. 

of  boilers,  178— 181. 

of  boilers,  radiators  for,  133. 
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Tu1»es  of  boilers,  retarders  for,  131— 134. 

of  boilers,  serve,  ribl)e(1,  181. 

of  feed -water  heaters,  210. 

of  locomotive  lK»ilers,  healing  surface 

<»f,  117.  135- 

of  biirfacc-condcnscrs,  263. 

Tul)ular.lx)ilcrs  vortical,  2 1 7. 
Turbine,  Jonval,  28,  30. 


-,  pa 


parallel  flow,  30. 
hitelaw's  re-action,  26. 


Turbines,  steam,  425- -442. 
Turl»inos,  water,  26 — 34. 

,  causes  of  loss  of  efficiency  of,  27. 

,  classes  of,  26. 

for  meflium  and  high  falls,  33. 

,  impulse,  31. 

,  inward -flow,  29. 

,  measurement  of  water  for,  23—25. 

,  out  ward -flow,  29. 

,  pressure,  28,  29. 

,  projjortions  of,  33,  34. 

,  regulation  of,  29. 

f  water-paths  ami  velocities  of,  27,  28. 

Twin  screw-propellers,  356. 
Type-metal,  composition  of,  483,  493. 


TTNDERG ROUND  temperatures,  39. 

^      Unit  of  heat,  40. 

Universal  windmill,  13. 

Uranium,  specific  heat  of,  41. 

Urquhart's  system  of  burning  liquid -fuel, 

68-73. 


*\7ACUUM  in  a  condenser,  257. 
^     Valuation  of  the  heating  ]X)wer  ot 

coal,  55. 
Valve,  worked  by  the  expansion  of  metal,  47. 
Valve-gear,  Bremme's,  311,  312. 
,  Corliss,  301,  409. 

— I  Joy's,  308—310- 

-spindle,  strain  on  a,  398. 

Valves,  back -pressure,  200. 

,  Corliss,  301,  409. 

,  double-beat,  301. 

,  metallic  for  air-pumps,  272. 

of  air-pumps,  204,  271,  272. 

,  piston,  299 — 300. 

,  safety,  184—198. 

,  slide,  284-298,  487. 

Vanes  of  turbines,  27,  34. 

Vapours  and  gases,  weight  of,  84,  85. 

Vegetable-fibre  coverings  for  steam  -ptpes,99. 


Velocities  of  blades  of  screw-propellers  at 
different  points  of,  341,  342. 

of  cooling-water  in  surface-condensers, 


264. 
—  of 


steam  through   the    cylinders    of 


triple-expansion  engines,  393. 

—  steam-turbines,  425. 

—  of  water  in  a  pump,  281. 

—  of  water  in  air-pumps,  271. 

—  of  water-turbines,  27. 
of  wind,  10,  II. 


Velocity,  bursting,  of  toothed  wheels  and 
fiy-wncels,  527. 

of  steam  through  a  pipe,  183. 

of  the  journals  of  shafts,  514. 

of  tootned  wheels,  limit  of  the,  524, 


525- 


of  toothed  wheels,  usual,  523,  524. 


Vertical  l)oilers,  217. 

boilers,   evaporative-performance    of. 


108. 


boilers,  explosions  of,  230,  231. 
jet -condensers,  259,  260. 
pump,  278,  280. 
tandem  mill-engine,  410,  411. 


Vinegar,  specific  heat  of,  41. 

Vitiation  of  the  air  by  the  products  of 
combustion,  83. 

Volume,  increase  of,  in  air  due  to  eleva- 
tion of  temperature,  7. 

of  air,  4. 

of  gases,  3. 

of  saturated  steam,  244 — 250. 

of  steam,  104,  245 — 250. 

of  steam  compared  with  water,  182. 

of  the  products  of  combustion,  85. 

of  water,  14,  15. 

Voyage,  consumption  of  coal  in  a,  87,  89. 

Vulcanized  fibre-valves,  272. 


U/ALNUT,  446,  465,  466. 
^  ^      Warlich's  patent  fuel,  52. 
Watch,  quantity  of  coal  burnt  in  a,  88. 
Water,  14. 

,  blown  through  a  rivet-hole,  225. 

,  effect  of  heat  on,  100. 

,  evaporation  of,  103. 

,  expansion  of,  in  freezing,  14. 

,  expansive-force  of,  in  freezing,  14 

-feed,  quantity  required,   150,    152, 

I53»  199. 


flowing  over  weirs,  23,  274,  275. 

—  for  injection,  258. 

—  for  injectors,  201,  203. 

—  from  condensed   steam,  temperature 
of,  43,  204,  209,  254,  255. 

—  from  condensing-engines,  measure- 
ment of,  273. 


INDEX. 


559 


Water-gas,  62. 

-heater,  exhaust  steam  as  a,  206. 

-heaters,  208 — 210. 

,    measurement    of  flowing,    23 — 25, 

274,  275- 
-motors,  26 — 36. 

-motors,  measurement  of  water  for. 


23—25. 

—  -paths  of  turbines,  27,  28. 

— ,  pressure  exerted  by  a  cohimn  of,  10, 
II,  15. 

—  pumps  and  tanks,  277 — 283. 

— ,  quantity  delivered    by   an    exhaust- 


steam  mjector,  207. 
-,  quantity  delivered  by  pumps,  278 — 


280. 


— ,  heat  of,  when  mixed  with  steam,  43, 

204,  209,  254. 

— ,   quantity  derived    from    condensed 


steam,  209,  379. 

— ,  heat  required  to  evaporate,  105. 
— ,  quantity  raised  by  windmills,  13. 
- —  required  for  condensation  in  condens- 

ing-engines,  258. 

—  required  to  condense  steam,  254. 
— ,  scale  forming  substances  in,  211. 
— ,  standard  measures  of,  14. 

tanks,  282,  283. 

— ,  time  required  to  pump,  280. 

— ,  to  purify,  212. 

lube  boilers,  15^1^226—228. 

—  -tube  boilers,  cause  of  explosion  of, 


230. 


228. 


•tube  boilers,  description  of,   226 — 


tube  boilers,  evaporative  performance 

of,  108,  III,  227. 

tube  boilers,  horse-power  of,  151 — 

155. 
— ,  volume -of,  14. 

— ,  weight  of,  14. 

•wheel,  Pelton's,  34 — 36. 


Wax,  comix>sition  of,  and  heat  evolved  by 

the  combustion  of,  83. 
Weak  boiler-shell,  238. 

furnace- tubes,  237. 

Wear-and-tear  of  steam-boilers,  238. 
Wear-resisting  qualities  of  bearing  metals, 

497»  498- 
Weather-barometer,  8,  9. 

Webs    of   cranks,    proportions    of,    325, 
326. 

Weight  and  bulk  of  stone,  472. 

and  volume  of  gases,  3. 

and  volume  of  steam,  246 — 250. 

of  air,  4. 

of  built  up  crank-shafts  for  triple- 
expansion  engines,  324. 

of  circulating- water,  262. 

of  coal,  50 — 52. 

of  a  cubic  foot  of  metals,  470,  471, 


475—482. 

—  of  a  cubic  foot  of  steam,  104. 


Weight  of  a  cubic  foot  of  stone  and  mineral 
substances,  471. 

of  a  cubic  foot  of  timber,  472 — ^474. 

• of  fresh- water  compared  with  sea- 
water,  16. 

of  gases  and  vapours,  84,  85. 

of  ice,  14. 

of  injection -water,  258. 

of  liquids,  474. 

of  sea- water,  15. 

of  snow,  14. 

of  steam  condensed  in  surface- con- 


densers, 263. 

—  of  steam  through  an  orifice,  250. 
of  steam  used  by  an  engine,  150,  152, 


424. 


of  steam  engines,  414,  415. 

of  water  contained  by  tanks,  282. 

of  water  flowing  over  a  Ixiy  or  weir. 


275- 


of   water    of   various    temperatures, 

I4« 

Weights  for  safety-valves,  186—188,  197, 

198. 
Weirs,  measurement  of  water  flowing  over, 

23-25,  274,  275. 

,  weight  of  water  flowing  over,  275. 

Welded-joints,  loss  of  strength  in,  458. 
Welsh  coal,  composition  of,  51. 

,  evaporative  power  of,  106,  107. 

Wheel-gearing,  toothed,  501,517—533. 

Whip  of  windmill,  12. 

Whitelaw's  turbine,  26. 

White-metal,  composition  of,  for  various 

purposes,  483—487,  492—494. 

,  mixture  for,  326,  402. 

Whit  worth's    compressed  -  steel  -  shafting, 

rules  for,  332. 
Wind,  force  of,  10. 

Wind  pressure  and  velocity  of,  10,  ii. 
Windmill,  universal,  13. 
Windmills,  12,  13. 

,  efficiency  of,  13'. . 

,  horse-power  of,  12,  13. 

,  sail-surface  of,  12. 

Wind-motors,  12 — 14. 

Wire,  brass,  strength  of,  461,  480. 

,  copper,  strength  of,  461,  480. 

,  iron,    strength  of,    455,    456,  461, 

462. 


-,  phosphor-bronze,  strength  of,  461, 


462. 


-,  silicium -bronze,  strength  of,  462. 

-,  steel,  composition  of,  455. 

-,  steel,    for  pianofortes,  strength   of, 


455- 


-,  steel,  strength  of,  455,  461. 
-,  telegraph,  strength  of,  462. 
-,  telephone,  strength  of,  462. 


Wolframinium,  481. 

Wood  burnt  in  locomotives,  cost  of,  91. 

ferrules  for  condenser-tubes,  265. 

for  fuel,  bulk  of,  53. 
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Wood  teeth  of  wheels,  528,  531. 
Woods,  modulus  of  elasticity  of,  446. 
specific   graWty   of    various,    447, 

448. 

■ ,  specific  heat  of,  41. 

,  strength  of  various,  462 — 465. 

Working-pressure  of  boiler -shells,  166. 

of  furnace* tubes,  168. 

of  screwed -stays  for  the  flat  surfaces 

of  lx>ilers,  177. 

of  toothed  wheels,  522,  523. 


Worm    and    worm-wheel    gearing,    528, 
529. 

and  worm  wheels,  friction  of,  506, 

526. 

Worm  heater,  209. 

Wrought-iron  l)ars,  contraction  of,  49. 

Ixirs,  expansion  of,  47. 

crank-shafts,  324. 

cylindrical  furnace-tul>es,  collapsing- 
pressure  of,  168,  169. 

—  fire-t>ox  roof- stays,  174. 

,  modulus  of  elasticity  of,  446. 

,  nickel,  strength  of,  477. 

plates  and  bars,  average  tests  of,  by 

noted  makers  of,  449—451. 

plates  and  bars,  strength  of,  448 — 


452,  457.  458.  47S- 

—  plates,  contractile  strain  in  cooling, 

208. 

—  plates,  effect  of  punching,  158.^ 
-plates,  proportions  of  riveted -joints  in. 


150—158- 

—  plates,  to  test  the  soundness  of,  156. 


Wrought-iron  shafting,  rule  for  diamete' 

for  propeller,  331. 
shafting,   torsional    strain   on,   333, 


334 


shafts  and  shafting  in  factories,  horse- 
power of,  516. 

shell-plates    of    lx>ilers,     155,    166, 


167. 

— ,  specific  heal  of,  41. 
test  strips  of,  447. 


Wylam's  patent  fuel,  52. 


ORKSHIRE  coal,  evaporative  power 


yORKSUl 
^      of,  106. 


coal,  composition,  weight  and   hulk 

of,  51. 
iron,  strength  of,  155,  156,  457. 


7INC  and  aluminium  alloys,  482. 
^         and  tin  alloys,  485,  486. 

,  method  of  using  for  the  prevention 

of  internal  corrosion  in  steam-boilers, 

234. 
,  strength  of,  460,  480. 
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Creation,  The  Twin  Records  oL  Le  Vaux.  8vo  ...  .5s 
Curves,  Tables  of  Tangential  Angles  and  Multiples.    Beazeley  5s 

Dairying  (British  and  Colonial).  Sutherland  Thomson.  Demy  8vo  98 
Dairying  Industry.  Sutherland  Thomson.  Demy  8vo  .  10s  6d 
Dairying  :  Milk,  Cheese  and  Butter.    Ohver.    Crown  8vo 

New  Ed.  Preparing 
Dangerous  Gk>ods.    Phillips.    Crown  8vo  .       10s  6d 

Decorator's  Assistant.  Small  Crown  8vo  ....  2s  6d 
Deep-Level  Mines  of  the  Band.    Denny.    Royal  8vo  .  268 

Dentistry  (Mechanical).  Hunter.  Crown  8vo  ....  68 
Diesel  or  Slow-Combustion  Oil  Engine.  Wells  &  Wallis-Tayler.  8vo  10s  6d 

Drawing.    Pyne.    4to 8b  6d 

Dredges  and  Dredging.    Prelini.    Royal  8vo 248 

Drilling  for  Qold  and  Other  Minerals.  Denny.  Medium  8vo  12s  6d 
Dynamic  Electricity  and  Magnetism.    Atkinson.    Crown  8vo  128 

Dynamics  (Notes  on).    Thomas.    Demy  8vo 68 

Dynamo  (How  to  Make).  Crofts.  Crown  8vo  ...  2s  6d 
I^amo,  Motor,  and  Switchboard  Circuits.  Bowker.  Medium  8vo  Os 
Dynamos  (Alternating  and  Direct  Current).    Sewell.    Lge.  Cr.  8vo  8s  6d 
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Dynamos  (Management  ot).    Lummis-Paterson.    Crown  8vo  6s 

Earthenware,  The  Mannfactore  ot.    Sandeman.    Crown  8vo  12s 

Earthwork  Diagrams.  Erskine-Murray  and  Kirton.  5s  ;  mounted,  7s  6d 

Earthwork  Manual.    Graham.    i8mo 3s  6d 

Earthwork  Tables.    Broadbent  and  Campin.    Crown  8vo  6s 

Earthwork  Tables.    Buck.    On  a  sheet 3s  6d 

Electric  Light.    Urquhart.    Crown  8vo 7s  6d 

Electric  Light  Fitting.  Urquhart.  Crown  8vo  ....  6s 
Electric  Light  tor  Ck>imtry  Houses.  Knight.  Crown  8vo  .  Is  6d 
Electric  Lighting  and  Starting  lor  Motor  Cars.  Cross 

New  Ed.  Preparing 
Electric  Lighting  and  Heating.  Walker.  Fcap.  8vo  ...  6s 
Electric  Motors.  Crocker  and  Arendt.  Medium  8vo  .  .  .  21s 
Electric  Power  Stations.  Klingenberg.  Crown  4to  .  .  .  28s 
Electric  Ship-Lighting.  Urquhart.  Crown  8vo  ...  Ss  6d 
Electric  Spark  Ignition  in  Internal  Combustion  Engines.   Morgan. 

Medium  8vo Ss  6d 

Electric  Traction  and  Transmission  Engineering.    Sheldon  and 

Hausmann.     Large  Crown  8vo 21s 

Electric  Wiring  Diagrams  and  Switchboards.  Harrison.  Crown  8vo  15s 
Electrical  Calculations  (Elementary).  Sloane.  Crown  8vo  .  .  ISs 
Electrical  Dictionary.    Sloane.    Large  Crown  8vo  21s 

Electrical  Engineering  (Elementary).  Alexander.  Crown  8vo  .  6s 
Electrical  Engineering.    Sewell.    Large  Crown  8vo  8s  6d 

Electrical  Installation  Work.    Havelock.    Demy  8vo   .  16s 

Electrical  Transmission  of  Energy.    Abbott.    Royal  8vo    .  SOs 

Electrical  Transmission  0!  Energy— Three-Phase  Transmission. 

Brew.    Demy  8vo 9s 

Electrical  and  Magnetic  Calculations.  Atkinson.  Crown  8vo  .  12s 
Electricity  as  Applied  to  mining.  Lupton.  Medium  8vo  .  12s  6d 
Electricity  in  Factories  and  Workshops.  Haslam.  Large  Cr.  8vo   8s  6d 

Electro-Plating.    Urquhart.    Crown  8vo 7s  6d 

Electro-Plating.    Watt.    Crown  8vo 6s 

Electro-Plating  and  Electro-Beflning  of  Metals.    Watt  and  Philip. 

Large  Crown  8vo 15s 

Electro-Typing.    Urquhart.    Crown  8vo 6s 

Embroiderer's  Book  ot  Design.    Delamotte.    Oblong  8vo  .  3s 

Engineering  Chemistry.    Phillips.    Crown  8vo  New  Ed,  Preparing 

Engineering  Drawing.     Maxton  and  Maiden.    Crown  8vo  8s  6d 

Engineering  Estimates,  Costs,  &  Accounts.  A  General  Manager.  8vo  9s 
Engineering   Progress    (1868-6).    Humber.    Imperial   4to,    half 

morocco    ....        Price   £12  12s  ;  each  volume,    £3  3s 
Engineering  Workshop  Handbook.    Pull.    Royal  i6mo  3s 

Engineer's  Handbook  (Practical).    Hutton.    Medium  8vo   .  21s 

Engineer's  Measuring  Tools.    Pull.    Crown  8vo     ...        4s  6d 

All  Published  Prices  are  net. 
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Biiginetr's,  Mechanic^  ^Arcfaitect'g,  Builder's,  &o..  Tables  and 

Memoranda.    Smith.    Waistcoat-pocket  size.     New  Ed,  Preparing 
Encineer's  and  IDUwright's  Assistant,    Templeton.    i8mo  8s 

Engineer's  Tear-Book.    Kempe.    Crown  8vo  Annually    SOs 

Engineering  Standards  Association's  Reports  and  Spedfieations. 

Separate  List  on  Application 
Engineman's  Pocket  Companion.    Reynolds.    Royal  i8mo  3s  6d 

|i!ng|i«h  Literature*  A  Handbook  of.    Dobson.    Crown  8vo  5s 

Entropy  as  a  Tangible  Conception.    Wheeler.    Demy  8vo  8s  6d 

Excavation  (Earth  and  Bock).    Prelini.    Royal  8vo  21s 

Explosives— High  Explosives.    Colver.    Royal  8vo  £3  3s 

Explosives— Nitro-Explosives.    Sanford.    Demy  8vo  12s 

Factory  Accounts.  Garck^  and  Fells.  Demy  8vo  Nearly  Ready 
Farm  Account  Book.    Woodman.    Folio  10s  6d 

Farm  Oas  Engines.  Brate.  Crown  8vo  ....  6s  6d 
Farmers' Tables  and  Memoranda.  Francis.  Waistcoat-pocket  size  2s  6d 
Fanners'  Labour  and  Account  Book.    Saxby.    Fcap.  Folio  6s 

Farming,  Practical.    Shepherd.    Demy  8vo 6s 

Fertilisers  and  Feeding  Staffs.    Dyer.  New  Ed,  Preparing 

Fertilizing  Materials,  Mining  and  Mannfactore.  Lloyd.  Crown  8vo  12s 
Fire  Protection  in  Buildings.    Holt.    Demy  8vo   ....       9s 

Forcing  Garden.    Wood.    Crown  8vo 4s 

Foreshores.    Latham.    Crown  8vo 2s  6d 

Forestry,  Practical.    Curtis.    Crown  8vo 6s 

Forestry  :  Complete  Tield  Tables  for.  Maw.  Oblong  .  .  7s  6d 
French  Ck>nversation,  Qoide  to.    De  Fivas.    32mo  28  6d 

French  Grammar  :  De  Fivas'  New  Grammar  ol  French  Grammars   2s  6d 

Key  to  the  Above 3s  6d 

French  Grammar,  Elementary.    De  Fivas.    Crown  8vo  Is  6d 

French  Language  :  Introdactton.  De  Fivas.  Crown  8vo  .  2s  6d 
Fretcatting,  The  Art  of  Modem.    Makinson.    Crown  8vo   .        2s  6d 

Founders'  Manaal.    Payne.    Crown  8vo 24s 

Gas  Engine,  A  Handbook  on  the.  Haeder  and  Huskisson.  4to  30s 
Gas  Engine  Handbook.    Roberts.    Crown  8vo  12s  6d 

Gas  Engineers'  Pocket-Book.    O'Connor.    Crown  8vo  12s  6d 

Gas  Manufacture,  Chemistry  of.    Royle.    Demy  8vo  16s 

Gas  and  Oil  En^e  Management.    Bale.    Crown  8vo  3s  6d 

Oasfitting  and  Appliances.    Briggs  and  Kenwood.   Crown  8vo  6s 

Geometry  ol  Compasses.  Byrne.  Crown  8vo  ...  8s  6d 
Geometry  tor  Technical  Students.    Sprague.    Crown  8vo    .  2s 

Gold  Extraction,  Cyanide  Process  ot.    Eissler.    8vo  8s  6d 

Gold,  Metallurgy  of.    Eissler.    Medium  8vo 2&s 

Gold  Mining  Machinery.    Tinney.    Medium  8vo    .  12s  6d 

Gold  Working  :  Jeweller's  Assistant.    Gee.    Crown  8vo  8s  6d 

Goldsmith's  Handbook.     Gee.     Crown  8vo    .  .   Nearly  Ready 

Granites  and  our  Granite  Industries.    Harris.    Crown  8vo  •       .       3s 


All  Published  Prices  are  net. 
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Grazing.    The  Complete  Orazier»  and  Farmer's  and  Cattle  Breeder's 

Assistant.    Youatt,  Fream  and  Bear.    Royal  8vo  .       .     368 

Hand  Sketching  for   Mining  Students.    Lodge   and   Harwood. 

Oblong  Demy  4to 10s  6d 

Handybooks  for  Handicrafts.    Hasluck.    Crown  8vo. 

Metal  Tomer's  Handybook Is  6d 

Wood  Tomer's  Handybook Is  6d 

Watch  Jobber's  Handybook Is  6d 

Pattern  Maker's  Handybook Is  Sd 

Mechanic's  Workshop  Handybook Is  6d 

Model  Engineer's  Handybook Is  6d 

Clock  Jobber's  Handybook Is  6d 

Cabinet  Worker's  Handybook Is  6d 

Woodworker's  Handybook Is  6d 

Heat»  Expansion  of  Stractores  by.    Kelly.    Crown  8vo  48 

History  :  Mediaeval  Heresy  and  the  Inquisition.      Turberville. 

Demy  8vo 10s  6d 

History  :  The  Inflnence  of  the  French  Revolution  in  English 

ffistory.    Brown.    Demy  8vo 8s  6d 

History  :  The  Wars  of  the  Ro6es»  1377-1471.  Mowat.  Demy  8vo  7s  6d 
Hoisting  Machinery.  Homer.  Crown  8vo  ....  8s  Sd 
Horticultural  Note-Book.  Newsham.  Fcap.  8vo  ...  7s  6d 
Hot  Water  and  Steam  Heating  and  Ventilation.  King.  Med.  8vo  21s 
House  Owner's  Estimator.  Simon.  Crown  8vo  ....  4s 
House  Painting.     Davidson.    Crown  8vo        ...  7s  6d 

House  Planning — ^How  to  Plan  a  House.    Samson.    Crown  8vo         68 

House  Property.    Tarbuck.    i2mo 7s  6d 

Houses,   Villas.   Cottages,   and   Bungalows   for   Britishers   and 

Americans  Abroad.    Samson.    Demy  8vo       ...         7s  Sd 
Hydraulic  Power  Engineering.    Croydon  Marks.    8vo  .  12s  6d 

Hydrostatics  and  Pneumatics,  Handbook  oL  Lardner.  Post  8vo  68 
Illuminating  and  Missal  Painting.     Whithard.    Crown  8vo  6s 

Illumination,  Art  of.  Delamotte.  Small  4to  ...  7s  6d 
Inflammable  Qas  and  Vapour  in  the  Air.    Clowes.    Crown  8vo       6s 

Interest  Calculator.    Campbell.    Crown  8vo Ss 

Internal  Combustion  Engines.    Carpenter.    Medium  8vo  SSs 

Inwood's  Tables  for  Purchasing  Estates.    Schooling.    Demy  8vo      98 

Iron  and  Metal  Trades  Companion.    Downie 9s 

Iron  and  Steel  Oirders  (Graphic  Table  for  Computation  of  Weights). 

Watson  Buck.    On  a  sheet 2s  6d 

Iron  Ores  of  Ghreat  Britain  and  Ireland.  Kendall.  Crown  8vo  188 
Iron-Plate  Weight  Tables.    Burlinson  and  Simpson.    4to  26s 

Irrigation  (Pioneer).  Mawson.  Demy  8vo  .  .  «  .  12s  6d 
Jigs  and  Tools  (Drawing  and  Design).  Gates  .  .  Nearly  Ready 
Journalism.    Mackie.    Crown  8vo 2s  6d 

All  Published  Prices  are  net 
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Labour  Dispates,  Conciliation  and  Arbitration  in.  Jeans.  Crown  8  vo  2s  6d 
Land  Vainer 's  Assistant  Hudson.  Royal  32mo  ...  4s  6d 
Lathe  Desiirn,  Constmetion,  and  Operation.    Perrigo.    Med.  8vo    18s 

Lathe  Work.     Hasluck.    Crown  8vo 6s 

Law  :  Every  Man's  Own  Lawyer.  Barrister.  Large  Crown  8vo  .  15s 
Lead,  Metallurgy  of.    Eissler.    Crown  8vo  .       .     ISs 

Leather  Chemistry.    Harvey.    Demy  8vo 15s 

Leather  Mannfactnre.    Watt.    8vo 16s 

Letter  Painting.  Badenock  and  Prior.  Crown  8vo  ...  8s 
LeveUing,  Principles  and  Practice  oL  Simms.  8vo  ...  98 
Lightning  Conductors,  Modem.    Hedges.    Medium  8vo  8s 

Limes  and  Cements.  Dancaster.  Large  Crown  8vo  .  .  7s  Od 
Liquid  Puds  lor  Internal  Combustion  Engines.  Moore.  Demy  8vo  ISs 
Lockwood's  Builder's  Price  Book.    Crown  8voV  Annually  7s  6d 

Locomotive  Engine.  Weatherbum.  Crown  8vo  ...  3s  6d 
Locomotive  Engine  Development.    Stretton.    Crown  8vo  Ss 

Machine  Shop  Tools.    Van  Dervoort.    Medium  8vo  28s 

Magnetos  for  Automohilists.    Bottone.    Crown  8vo  2s  6d 

Marble  and  Marble  Working.    Renwick.    Medium  8vo  168 

Marble  Decoration.    Blagrove.    Crown  8vo 4s 

Marine  Engineer's  Guide.  Wannan  and  Lindsay.  Lge.  Crown  8vo. 
In  2  vols. 

Arithmetic New  Ed,  Preparing 

Elementary's,  Verbals,  and  Drawings  New  Ed.  Preparing 

Marine  Engineer's  Pocket-Book.    Wannan.    i8mo  7s  6d 

Marine  Engines  and  Boilers.    Bauer.    Medium  8vo  268 

Marine  Qas  Engines.    Clark.    Crown  8vo  10s  6d 

Marine  Steam  Turbines.    Bauer.    Medium  8vo  12s  6d 

Masonry.    Purchase.    Royal  8vo 9s 

Masonry  Dams  from  Inception  to  Completion.  Courtney.  8vo  10s  6d 
Measures  (British  and  American).  Foley.  Folio  ...  8s  6d 
Measuring  and  Valuing  Artificers'  Work.     Dobson  and  Tarn. 

Crown  8vo 8s  6d 

Mechanical  Engineering  Terms   (Lockwood's  Dictionary  of). 

Homer.     Crown  8vo 9s 

Mechanical  Engineer's  Pocket-Book.  Clark  and  Powles.  Small  8vo  7s  6d 
Mechanical  Handling  and  Storing  ol  Material.    Zimmer.    Royal 

8vo  New  Ed,  Nearly  Ready 

Mechanics  Ck>ndensed.  Hughes.  Crown  8vo  ...  Ss  6d 
Mechanics  ot  Air  Machinery.    Weisbach.    Royal  8vo  25s 

Mechanics' Workshop  Ck>mpanion.  Templeton&Hutton.  Fcp.  8vo  7s  6d 

Mensuration  and  Gauging.    Mant.    i8mo 4s 

Metal  Plate  Work  (Principles  and  Processes).  Barrett.  Crown  8vo  3s  6d 
Metal-Turning.  Homer.  Large  Crown  8vo  .....  ISs  6d 
Metrology*  Modem.    Jackson.    Large  Crown  8vo  12s  6d 

All  Published  Prices  are  net 
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Military  Observation  Balloons.    Widmer.    Crown  8vo  l6s 

Milk  and  Cream  Testing.    Thomson  and  Lowe.       New  Ed,  Preparing 

Milling  Machines.    Horner.    Medium  8vo 15s 

Mine  Drainage.    Michell.    Royal  8vo 25s 

Mine  Besone  Work  and  Organization.  Bulman  and  Mills.  DemySvo  128 
Mine  Wagon  and  its  Lnbrieation.  Pamely.  Medium  Svo  .  7s  6d 
Mineral  Property*  The  Valaation  ol.  O'Donahue.  Demy  Svo  8s  6d 
Minerals  and  Mining  (Earthy).    Davies.    Crown  Svo    .  12s  6d 

Minerals  and  Mining  (Hetalliferons).  Davies.  Large  Crown  Svo  12s  6d 
Miners  and  Metallargists,  Pocket-Book  for.    Power.    Fcap.  Svo  7s  6d 

Miner's  Handbook.    Milne.    Fcap.  Svo 7s  6d 

Mining*  British.    Hunt.    Super  Royal  Svo 428 

Mining  Caleolations.  O'Donahue.  Crown  Svo  ...  4s  6d 
Mining  Examination  Questions  (1,200).  Kerr.  Demy  Svo  2s  6d 
Mining,  Physics  and  Chemistry  ol.    Byrom.    Crown  Svo    .  6s 

Mining  :  Machinery  for  Metalliferous  Mines.  Davies.  Medium  Svo  258 
Motor  Car  Catechism.  Knight.  Crown  Svo  ....  3s  6d 
Motor  Car  Construction.  Brewer.  Demy  Svo  ....  9s 
Motor  Cycle  Overhauling.    Shepherd.    Crown  Svo  2s  6d 

Motor  Lorry  Design  Construction.    Schaefer.    Medium  Svo  ISs 

Motor  Vehicles.    Eraser  and  Jones.    Medium  Svo  lOs 

Museum  of  Science  and  Art.    Lardner 21s 

Naval  Architect's  and  Shipbuilder's  Pocket-Book.    Mackrow  and 

Woollard.     Fcap.  Svo 16b 

Oils  and  Allied  Substances.    Wright.    Demy  Svo    New  Ed.  Preparing 
Oil-Field  Development  and  Petroleum  Mining.  Thompson.      .    do. 
Oil  Palm  Cultivation.    Milligan.    Small  Crown  Svo      ...       3s 
Ore  Deposits  of  South  Africa.    Johnson. 

Part  n.— The  Witwatersrand  and  Pilgrimsrest  Ctoldfields  and 

Similar  Occurrences.    Demy  Svo 5s 

^Case  Tables.  Richardson.  Oblong  4to  .  .  .  .  5s 
Their  Chemistry  and  Technology.  Toch.  Royal  Svo  30s 
Paper  and  its  Uses.  Dawe.  Crown  Svo  ....  Ss  6d 
Paper-Making.    Clapperton.    Crown  Svo         ....         7s  6d 

Paper-Making.    Watt.    Crown  Svo 8s  6d 

Paper-Making,  Chapters  on.  Beadle.  5  vols.  Crown  Svo.  Per  vol.  6b 
Pastrycook  and  Confectioner's  Guide.    Wells.    Crown  Svo  .  2s 

Patent-Rights.     Hardingham.    Demy  Svo  New  Ed,  Preparing 

Pattern  Making.     Barrows.    Crown  Svo 14s 

Pattern  Making.    Homer.    Large  Crown  Svo        ....       9s 

Petrol  Air  Gas.    O'Connor.    Crown  Svo 2s  6d 

Petroleum  and  its  Substitutes,  Chemistry  of.    Tinkler  and  Chal- 
lenger.    Medium  Svo 15s 

Petroleum.    Oil  Fields  of  Bussia  and  the  Russian  Petroleum 

Industry.    Beeby  Thompson.     Royal  Svo         ....     21s 

All  Published  Prices  are  net. 
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Pigmeiiti.    An  Artists'  Haniial.    Standage.    Crown  8vo  8s 

Portland  Cement  Industry.  Brown.  Medium  8vo  New  Ed.  Preparing 
Portland  Cement,  The  Modem  Mannfacture  ot.  West.  Royal  8vo. 

In  2  volumes New  Ed.  Preparing 

Ponltrj  Farming  :  CommerciaL    Toovey.    Crown  Svo 

New  Ed,  Preparing 
Prodooer  Qas  Practice  (American)  and  Industrial  Oas  Engineering. 

Latta.     Demy  4to SOs 

Propagation  and  Prnning.    Newsham.    Demy  Svo  7s  6d 

Prospecting.    Merritt.     Fcap.  Svo 6s 

Prospecting  tor  Gold.  Rankin.  Fcap.  Svo  ....  7s  6d 
Prospector's  Handbook.    Anderson.    Small  Crown  Svo  Ss 

Pomps  and  Pumping.    Bale.    Crown  Svo 6s 

Punches,  Dies*  and  Tools.    Woodworth.    Medium  Svo  28s 

Badiodynamics.    Miessner.    Crown  Svo 12s 

Badiotelegraidiy»  Elements  ot.    Stone.    Crown  Svo  Ifis  6d 

Bating  and  Assessment.  Webb.  Demy  Svo  ...  8s  6d 
Receipts,  Formulas,  and  Processes.    Hiscox.    Medium  Svo  2l8 

Becoil  ot  Quns.  Rausenberger.  Translated  by  Slater.  Demy  Svo  12s  6d 
Betrigerating  and  Ice-Haking  Pocket-Book.  Wallis-Tayler.  Cr.  Svo  Ss 
Betrigeration,  Cold  Storage,  and  Ics-lKaking.  Wallis-Tayler.  Med.SvolSs 
Beintorced  Concrete  Design  Simplified.  Gammon  &  Dyson.  Crown  4tol58 
Boad  Construction  and  Maintenance.  Goldsmith.  Medium  Svo  2l8 
Boads  :  The  Making  of  Highroads.    Carey.    Crown  Svo  Ss  6d 

Bothamsted  Experiments.  Tipper.  Crown  Svo  ....  48 
Bubber  :  its  Cultivation  and  Preparation.  Johnson.  New  Ed.  Preparing 
Bubber  Hand  Stamps.  Sloane.  Square  Svo  ....  7s  6d 
Bubber  Planter's  Note-Book.  Braham.  Fcap.  Svo  ...  6s 
Safe  Bailway  Working.  Stretton.  Crown  Svo  ...  4s  6d 
Sale  Use  ot  Steam.    By  an  Engineer       ...  .       .       6d 

Sailmaking.    Sadler.    4to 12s  fid 

Sanitation,  Water  Supply,  and  Sewage  Disposal  ot  Country  Houses. 

Gerhard.     Crown  Svo 16s 

Savouries  and  Sweets.    Miss  Allen.    Fcap  Svo      ...        Is  fid 

Saw  Mills.     Bale.    Crown  Svo lOs  fid 

Screw  Cutting  tor  Engineers.  Pull.  Crown  Svo  ...  2s  fid 
Screw  Threads.  Hasluck.  Waistcoat-pocket  size  .  .  .  2s 
Sea  Terms,  Phrases,  and  Words.  Pirrie.  Fcap.  Svo  .  .  7s  fid 
Sewage,  Purification  ot.    Barwise.    Demy  Svo  .  12s  fid 

Sewerage  ot  Sea  Coast  Towns.  Adams.  Demy  Svo  ...  6s 
Sewerage  Systems.    Watson  and  Herbert.    Royal  Svo  .  12s  fid 

Sheet  Metal  Worker's  Instructor.  Warn  and  Homer.  Crown  Svo  Ss  fid 
Shipbuilding  Industry  ot  Germany.  Felskowski.  Super  Royal  4to  10s  fid 
Silver,  The  Metallurgy  of.    Eissler.    Crown  Svo  .  12s  fid 

Slide  Bule.    Hoare.     Sm.  Crown  Svo.     .        .  .       .       .      4s. 


All  Published  Prices  are  net. 


Published  by  Crosby  Lockwood  and  Soft  ii 


Smoley'8  Tables— 1.  Logarithms  and  Squares         ....     278 

2.  Slopes  and  Rises 24s 

3.  Logarifhmic-Trigonometric  Tables  6s 
Soap  :  The  Modern  Soap  Industry.    Martin  .                In  Preparation 

Soap-Kaking.    Watt.    Crown  8vo 98 

Soaps,  Candles,  and  Glycerine.    Lambom.    Medium  8vo  54s 

Solubilities  ot  Inorganic  and  Organic  Substances.  Seidell.  Med.  8vo  468 
Spanish  Grammar  and  Reader.    Korth.    Fcap.  Svo  28  6d 

Specification  in  Detail.  Macey  and  Allen.  Royal  Svo  .  Nearly  Ready 
Specification,  A  Short.  Cubitt.  Oblong  Demy  4to  .  .  2s  6d 
Specifications  tor  Practical  Architecture.    Bartholomew.    Revised 

by  Rogers.     Svo 168 

Stanley,  William  Ford  :  His  Life  and  Work.  Inwards.  Demy  Svo  28  6d 

Stationary  Engines.    Hurst.    Crown  Svo 28 

Steam  :  The  Application  ot  Highly  Superheated  Steam  to  Loco- 
motives.   Garbe.    Edited  by  Robertson.    Medium  Svo       .       98 
Steam  Engine.    Haeder  and  Powles.    Crown  Svo  .  10s  6d 

Steam  Engine.    Goodeve.    Crown  Svo 6s  6d 

Steam  Engine  (Portable).  Wansbrough.  Demy  Svo  ...  68 
Steam  Engineering  in  Theory  and  Practice.    Hiscox  and  Harrison. 

Medium  Svo 21s 

Steel  Besearch  Committee's  Beport.    Fcap.  Folio  31s  6d 

Sted  :  Elliott's  Weights  ot  Steel.     Medium  Svo    .  £5  6s 

Stockowner's  Veterinary  Aid.     Archer.    Crown  Svo  7s  6d 

Stone  Quarrying — Practical.  Greenwell  and  Elsden.  Med.  Svo  15s 
Stone  Working  Machinery.    Bale.    Crown  Svo  10s  6d 

Strains,  Handy  Book  tor  the  Calculation  ot.  Humber.  Crown  Svo  7s  6d 
Strains  on  Stmctores  ot  Ironwork.  Shields.  Svo  .  .  .  .  Ss 
Streamline  Kite  Balloons.    Sumner.    Medium  Svo  10s  6d 

Submarine  Telegraphs.    Bright.    Super  Royal  Svo  £3  Ss 

Submarine  Torpedo  Boat.    Hoar.    Crown  Svo       ....     128 

Survey  Practice.    Jackson.    Svo 12s  6d 

Surveying.    Whitelaw.    Demy  Svo 12s  6d 

Surveying  tor  Settlers.  Crosley.  Small  Crown  Svo  .  Nearly  Ready 
Surveying  Sheets  tor  Protessional  and  Educational  Use.    Oblong 

Royal  Svo  Is  6d 

Surveying,  Land  and  Marine.    Haskoll.    Large  Crown  Svo  Os 

Surveying,  Land  and  Mining.    Leston.    Large  Crown  Svo  .  98 

Surveying,  Practical.  Usill  and  Leston.  Large  Crown  Svo  .  Ss  6d 
Surveying  with  the  Tacheometer.  Kennedy.  Demy  Svo  .  128  6d 
Surveyor's  Field  Book  tor  Engineers   and  Mining  Surveyors. 

Haskoll.     Crown  Svo 12s  6d 

Tanning  Materials  &  Extract  Manutactnre.  Harvey.  Demy  Svo  ISs 
Tanning  (Practical).    Rogers  and  Flemming    .  .    Nearly  Ready 

Tannins  (Synthetic).     Crasser  and  £nna.     Demy  Svo  .      128 

Tea  Machinery  and  Tea  Factories.  Wallis-Tayler.  Medium  Svo    .     288 

All  Published  Prices  are  net. 


12  A  List  of  Books 


Tachnical  Guide,  MaaBUier,  and  Eitiiiiator.    Beaton.    Waistcoat- 
pocket  size 28 

Technical  Terms :   Bntfieh-French,  French-English.    Fletcher. 

Waistcoat-pocket  size 28 

Technical  Terms  :  English-Oerman»  Qerman-Knglish.       Homer 

and  Holtzmann.    Waistcoat-pocket  size     .       .       .       .       38  6d 
Technical  Terms  :  English-Spanish,  Spanish-English.  Monteverde. 

Waistcoat-pocket  size 38 

Telephones  :  their  Construction,  Installation,  Wiring,  Operation, 

and  Maintenance.    Radcliffe  and  Cushing.    Fcap.  8vo  .  08 

Telephones  :    Field  Telephones  and  Telegraphs  tor  Army  Use. 

Stevens.    Crown  8vo 3s 

Timber  Merchant    Richardson.    Fcap.  8vo  ....       4s 

Timber  Merchant's  Companion.    Dowsing.*  Crown  8vo  38  6d 

Tools  lor  Engineers  and  Woodworkers.  Homer.  Demy  8vo  lOs  6d 
Toothed  Gearing.  Homer.  Crown  8vo  .  .  New  Edition  Preparing 
Traverse  Tables.    Lintem.    Small  Crown  8vo        ...         38  6d 

Tropical  Agricoltore.    Johnson.    Demy  8vo 6s 

Tonnelling.    Prelini  and  Hill.    Royal  8vo 18s 

Tonnelling,  Practical.    Simms  and  Clark.    Imp.  8vo   .  Sis 

Tnnnel  Shafts.    Buck.    8vo 12s  6d 

Upholstering.    Bitmead.    Crown  8vo 2s  (Sd 

Urban  Traffic,  Principles  ot.  Stone.  Crown  8vo  ...  38  6d 
Valoation  ot  Real  Property.  Webb  and  Hunnings.  Demy  SvoSs  6d 
Valoation  ot  Real  Property.    Lamputt.    Crown  8vo  28  6d 

Valuation,  Tabular  Aids  to.  M'Caw  and  Lyons.  Crown  8vo  .  Ss 
Wages  Tables.  Garbutt.  Square  Crown  8vo  ....  6s 
Watchmaker's  Handbook.    Saunier.    Crown  8vo  .  12s  6d 

Watch  Repairing.    Garrard.    Crown  8vo 6s 

Water  Engineering.    Slagg.    Crown  8vo 7s  6d 

Water,  Plow  ot.    Schmeer.     Medium  8vo ISs 

Water  Supplies.    Rideal.    Demy  8vo 88  6d 

Water  Supply  of  Cities  and  Towns.  Humber.  Imp.  4to  .  £6  6s 
Water  Supply  (Rural).  Greenwell  and  Curry.  Crown  8vo  .  6s 
Water  Supp^  ot  Towns  and  the  Construction  ot  Waterworks. 

Burton.     Super  Royal  8vo 288 

Weight  Calculator.    Harben.    Royal  8vo 26s 

Wire  Ropes  tor  Hoisting.    Ciown  4to 208 

Wireless  Telegraphy.  Erskine-Murray.  Demy  8vo  New  Ed.  Preparing 
Wireless  Telegraphy  (Framework  ot).  Cadilhac.  Demy  8vo.  Ss  6d 
Wireless  Telephones.  Erskine-Murray.  Crown  8vo  New  Ed,  Preparing 
Wireless  Telephony.  Ruhmer.  Demy  8vo  ....  lOs  6d 
Wood,  The  Seasoning  ot.  Wagner.  Royal  8vo  ....  2l8 
Wood-Carving  tor  Amateurs.    By  a  Lady.    Crown  8vo  2s  6d 

Woodworking  Machinery.    Bale.    Large  Crown  8vo  10s  6d 

Workshop  Practice,  Modem.  Pull.  Large  Crown  8vo  Nearly  Ready 
Works'  Manager's  Handbook.    Hutton.    Medium  8vo  IBs 

All  Published  Prices  are  net. 
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PRACTICAL    HANDBOOKS    FOR    HOME    STUDY. 

Issued  by  THE  AMERICAN  TECHNICAL  SOCIETY. 

AtfenU:     CROSBY     LOCKWOOD     &     SON. 

NOTE, — The  Prices  herein  quoted  are  based  on  American  Prices^  and 

therefore  stibject  to  revision  without  notice^ 

Air  Brake.    Ludy 12ft 

Altemating-Carrent  Machinery.    Esty I89 

Architectural  Drawing  and  Lettering.    Bourne 12g 

Armatnre  Winding.    Moreton 15s 

AutomobUe  Gonstmction  and  Repair.    Hall 2l8 

Automobile  Ignition,  Starting  and  Lighting.    Hayward  ...       *  24ft 

Bank  Bookkeeping.    Sweetland    .       .  ' 9ft 

Blueprint  Beading.    Fairfield  and  Kenison 15ft 

BoOer  Aoceftsories.    Leland 7«  6d 

Bridge  Engineering— Roof  Tmsseft.    Dufour 18ft 

Building  and  Flying  an  Aeroplane.    Hayward 9ft 

Building  Code.    Fitzpatrick 9b 

Building  Superintendence.    Nichols 12b 

Building  Superintendence  for  Reinforced  Concrete  Structures.    Post  .  9b 

Building  Superintendence  for  Steel  Structures.    Belden  ....  9ft 

Business  English  and  Correspondence.    Barrett 12b 

Carpentry.    Townsend 12ft 

Civil  Engineering  Specifications  and  Contracts.    Ashbridge    ...  12b 

Commercial  Law.     Chamberlain 18ft 

Compressed  Air.    Wightman 12b 

Contracts  and  Specifications.    Nichols                     9s 

Corporation  Accounts  and  Voucher  System.    Griihth     ....  9ft 

Corporation  Law.     Abbott,  Springer,  and  Gilmore          ....  Elft 

Cotton  Spinning.    Hedrick 15s 

Dams  and  Weirs.    Bligh 12s 

Department  Store  Accounts.    Sweetland 78  6d 

Descriptive  Astronomy.    Moulton 15s 

Electric  Railways.    Craveth 78  6d 

Electric  Lighting.    Harrison 15s 

Electric  and  Gas  Welding.    Cravens 9s 

Electrochemistry  and  Welding.    Burgess 15s 

Elements  of  Electricity.    Millikan 12s 

Elevators.    Jallings 18s 

Estimating.    Nichols 7s  6d 

Fire  Insurance  Law.    Hardy 15s 

Fireproof  Construction.    Fitzpatrick .18s 

Ford  Car.    Bayston 128 

Forging.    Jemberg 98 

Foundry  Work.    Gray 12s 

Freehand  and  Perspective  Drawing.    Everett 128 

Gas  and  Oil  Engines  and  Oas  Producers.    Marks 18s 

Gasoline  Automobile.    Loughee4 10s 

Gasoline  Tractors.    Hayward 12s 

All  Published  Prices  are  net. 
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ikMag  a  Gtood  Job.    Barrett 78  6d 

HMtinff  and  VentUation.    Hubbard 12i 

Hydranlie  Engineerilia.    Tumeaure  and  Black 188 

Inieriior  Eleetiio  Wiring.    Nelson 18s 

Looomottre  Boilen  and  WngiiMW.    Ludy 12s 

Wachina  DeiiaiL    Wallace 12s 

Mai»tiwMi  Drawing.    Griffin  and  Adams 148 

Machine-shop  Work.    Turner  and  Perrigo 158 

Meohanieal  Drawing.    Kenison 9b 

■eter  Teiting  and  Eleotrieal  Measnremaits.    Bushnell  and  TumbuU  .  ISs 

Modam  Ameriean  Homes.    Von  Hoist 158 

Modam  Land  and  Submarine  Telegraphy.    Macomber    .       .       .       .  Os 

Xodem  Road  Ckmstmoiion.    Byrne 9b 

Orden  of  Arcfaiftectoxe.     Bourne,  Brown  and  Hoist        ....  188 

Oiy-Acetylene  Welding  Practioe.    Kell 9s 

Pattern  Making.     Ritchey  and  Monroe 12s 

Plumbing.    Gray  and  Ball 12s 

Portfolio  of  the  Ordors.    Bourne,  Brown,  and  Hoist        ....  128 

Power  Stations  and  Transmissions.    Shaad 12s 

Ptaetioal  Aviation.    Chas.  B.  Hayward 24s 

Ptaetioal  Bookkeeping.    Griffith 128 

Ptaetioal  Mathematics,    Nobbs  and  Waite 9s 

Bailroad  Engineering.    Webb 18s 

Real  Property  Law.    Kales 158 

Refrigeration.    Arrowood 158 

Reinforoed  Concrete.    Webb  and  Gibson 12s 

Sewers  and  Drains.    Marston  and  Fleming 12s 

Sheet  Metal  Work.    Neubecker 158 

Small  Motors,  IRnnsformers  and  Electromagnets    .  .18s 

Stair  BoUdiDg  and  Steel  Sonare.    Hodgson 98 

Standard  Legal  Forms.    Lee 158 

Steam  Boilers,  Care  and  Operation.    Kuss 12s 

Steam  Boilers,  Constrootion  and  Design.    Kuss 12b 

Steam  Engines.    Ludy          158 

Steam  Engine  IndkMttors  and  Valve  Oears.    Ludy         ....  9b 

Steam  Tnrbtaies.    Leland 9s 

Steel  Gonstmction.    Burt 18s 

Storage  Batteries.    Crocker  and  Arendt 12s 

Strength  of  Materials.    Maurer 9s 

Structural  Drafting.    Dufour Os 

Sorveying.    Finch 158 

Switchboards.    Adams 9s 

Telephony.    Miller  and  M'Meen New  Ed,  Preparing 

Tool  and  Die  Design  for  Beginners.    Shailor 9s 

Tool  Making.    Markham 158 

Trigonometry,  Plane.    McCarty 6s 

Underwriters' Requirements  or  Safe  Electrical  Installations.    Pierce  9s 

Wireless  :  How  to  Become  a  Wireless  Operator.    Hayward  128 

Woollen  and  Worsted  Finishing.    Zimmerman 158 

Woollen  and  Worsted  Spuming.    Collins 15s 


* 


All  Published  Prices  are  net. 


.    .    A   SELECTED   LIST  OF    .    . 

WEALE'S    SCIENTIHC   AND   TECHNICAL   SERIES. 

Atrmaged  according  to  Subjects.    All  these  Prices  are  net. 


Acoustics,  Smith  (ii6)    .        .        .  2/6 

Agricultural  Surveying,  Scoit  (245)  2/6 

Animal  Physics,  Lardner — 

Part  I  (183)          ....  4/6 

Part  II  (184)        ....  3/6 

Arches,  Piers,  &c..  Bland  (iii)     .  2/- 

Architecture,  Ancient  (128,  130)  .  6/- 

Design,  GarMt  (18)     .        .        .  3/- 

Grecian,  Aberdeen  (130)     .       .  1/6 

of  Vitruvius,  GwUt  (128)    .        .  5/- 

Orders,  Leeds  (16)       .        .        .  2/6 

Orders  and  Styles  (16,  17)         .  5/- 

Styles,  Bury  (17)         ...  2/6 

Architectural  Modelling,  Richardson 

(127) 2/- 

Arithmetic,  Young  (84)          .        .  3/- 

Do.           do.    Key  (84*)       .  2  '6 

Equational.  Hipsley  (58)    .        .  2/- 

Blasting  and  Quarrying,  Burgoyne 

(35) 2/- 

Boilermakers'  Assistant,  Courtney 

(211) 3/- 

Ready  Reckoner,  Courtney  (254)  ay- 
Bookkeeping  (83)  .  .  .  .1/6 
for  Farmers,  Woodman  (266)  .  3/- 
fioot  and  Shoe  Making,  I^no  (262)  3/- 
Brass  Founding,  Graham  (162)  .  3/6 
Brick-Cutting  &  Setting,  Hammond 

(265) 2/6 

Bricklaying,  Hammond  (189)        .      2/6 

Brickwork,  Walker  (252)        .        .2/6 

Bridges  (Iron),  Pendred  (260)       .      2/6 

(Tubular  audGirder),I>tfw/>stfy(43)  2/6 

Building,  BeckeU  (206)   ...     5/6 

Estates,  Maitland  (247)     .       .      2/6 

Science  of,  Tarn  (267)        .       .     4/- 

Calculus.  Differential,   Woolhouse 

(loi) 2/- 

Carpentry  and  Joinery,  Tredgold, 

Plates,  4to  (182*)  .  .  .  7/6 
Cattle.  Sheep,  &  Horses,  Bwyw  (142)  3/6 
Cements, Pastes, Glues,  5tofu^<^« (2 76)  3/6 
Circular  Work  in  Carpentry,  Collings 

(258) 3/6 

Coach-Building,  Burgess  (224)  .  3/6 
Coal  Mining,  Smyth  (180)  .  .  4/- 
Colouring,  Grammar  of,  Field  (186)  3/6 
Compound  Interest  and  Annuities, 

Thoman  (196)  ....      4/6 
Cottage  Building,  Allen  (42)         .      2/6 
Gardening,  Hobday  (232)  .       •      2/- 
Dairy,  Pigs  and  Poultry,  Burn  (145)  2/6 


Decoration,    Elementary    House, 

Facey  (229)       .  2/6 
Do.           Practical        House, 

Facey  (257)       .  3/6 
Draining  8c  Embanking,  Seott  (239)  2/- 
Drawing  and  Measuring  Instru- 
ments, Heather  (168)      .       •  3/- 
D welling  Houses,  Brooks  (132)     .  3/- 
Electric  Lighting,  Swinton  (282) .  2/- 
Farm  Roads  and  Fences.  Scoit  (241)  2/6 
Farming  Economy,  Burn  (141)    .  3/6 
Foundations,  &c.,  Dobson  (44)      .  2/- 
French  Polishing,  Biimead  (281)  .  2/6 
Fruit  Trees,  Du  Breuil  (i  77)        .  4/6 
Garden  Receipts,  Quin  (233)        .  2/- 
Gas  Works,  Htf^A^s  cS-  O'Ctwwof  (2 1 2)  6/6 
Geology,  Historical,  Taie  (17^)    .  2/6 
Physical,  Tate  (174)    .       .        .  2/- 
Geometry,  Analytical,  Hann  (90)  2/6 
Descriptive,  Heather  (76)           .  2/6 
Plane,  Heather  (178)           .        .  2/- 
Grafting  and  Budding,  Bal/et  (231)  3/6 
Hall-Marking    of    Jewellery  Gee 

(249) 3/6 

Handrailing  and  Staircasing,  Col- 
lings (230)        ....  3/6 
Health,  Management  oi,Baird  (i  12*)  1/6 
House  Book  (112,  112*,  194)        .  6/- 
Decoration,  Facey  (229,  257)    .  6/- 
Manager  (194)     .       .        .        ,  3/6 
Human  Understanding,  LocA^  (^53)  2/- 
Irrigation  and  Water  Supply,  Scott 

(240) 2/6 

Joints  Used  by  Builders,  Christy 

(226) 3/6 

Kitchen  Gardening,  Glenny  (201)  3/- 

Land,  Ready  Reckoner,  Arman  (61)  3/- 
Landed  Estates  Management,  Bum 

(208) 3/. 

Light,  Tarn  (269)  ....  2/- 
Locomotive  Engine  Driving,  /J^^^- 

no/is  (255)       .       .       .        .  5/- 

Engineer,  Model,  Reynolds  (278)  5/- 

Logarithms,  Law  (204*)        .       .  4/- 

Logic,  Emmens  (150)      .        .        •  2/- 

Machinery,  Details  of,  Camfnn  (236)  3/6 
Marine  Engineering,  Elementary, 

Brewer  (274)     .        .        .        .  3/- 

Masonry  and  Stone -Cutting  (25)  .  3/- 

Masting  and  Rigging.  Kipping  (54)  3/- 
Materials  &  Construction,  Campin 

(216) 3/6 


All  Published  Prices  are  net. 


